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PBEFACE  TO  THE  FIKST  EDITION. 


These  chapters  on  Anthropogeny  are  the  first  attempt 
to  render  the  facts  of  human  germ-history  accessible  to  a 
wider  circle  of  educated  people,  and  to  explain  these  facts 
by  human  tribal  history.  I  have  not  overlooked  the  great 
difficulty  and  danger  involved  in  thus  entering  for  the 
first  time  on  ground  which  is  so  especially  full  of  risks. 
No  other  branch  of  natural  science  yet  remains  so  ex- 
clusively confined  to  its  own  technical  students ;  no  other 
branch  has  been  so  wilfully  obscured  and  mystified,  by 
priestly  influence,  as  has  the  germ-history  of  Man.  If, 
even  now,  we  say  that  each  human  individual  develops 
from  an  egg,  tho  only  answer,  even  of  most  so-called  edu- 
cated men,  will  be  an  incredulous  smile  ;  if  we  show  them 
the  series  of  embryonic  forms  developed  from  this  human 
egg,  their  doubt  will,  as  a  rule,  change  into  disgust.  Few 
educated  men  have  any  suspicion  of  the  fact,  that  these 
human  embryos  conceal  a  greater  wealth  of  important 
truths,  and  form  a  more  abundant  source  of  knowledge  than 
IB  afforded  by  the  whole  mass  of  most  other  sciences  and 
of  all  so-called  ''revelations." 
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Nor  is  this  surprising,  when  we  see  what  a  little  way 
the  knowledge  of  human  evolution  has  spread  even  among 
the  very  students  of  Nature.  Even  in  most  works  devoted 
to  the  Natural  History,  Anatomy,  Physiology,  Ethnology, 
and  Psychology  of  Man,  it  is  evident  at  a  glance  that  their 
authors,  if  not  ignorant,  have  at  least  a  very  superficial 
knowledge  of  liuman  germ-history,  and  that  tribal  history 
lies  far  beyond  them.  The  name  of  Darwin  is,  indeed,  in 
every  mouth.  But  few  persons  have  really  assimilated 
the  theory  of  descent,  as  reformed  by  him  ;  few  have  made 
it  part  of  themselves.  To  show  how  far  even  biologists  of 
repute  are  from  thoroughly  understanding  the  history  of 
evolution,  no  more  remarkable  recent  instance  can  be 
found  than  the  well-known  address,  on  **The  Limits  of 
Natural  Knowledge,*'  delivered  by  the  celebrated  physio- 
logist, Du  Bois  Beymond,  in  1873,  before  the  naturahsto 
assembled  at  Leipzig.  This  eloquent  address,  the  source 
of  such  triumph  to  the  opponents  of  the  theory  of  evolu- 
tion, the  cause  of  such  pain  to  all  friends  of  intellectual 
advance,  is  essentially  a  great  denial  of  the  history  oj 
ei'olution.  No  thoughtful  naturalist  will  disagree  with  the 
Berlin  physiologist  when,  in  the  first  half  of  his  address, 
he  explains  the  limits  of  natural  knowledge,  as  they  are  at 
present  set  to  man  by  his  vertebrate  nature.  But  it  is 
equally  certain  that  every  monistic  naturalist  will  protest 
against  the  second  half  of  the  address,  in  which,  not  only 
is  another  limit,  assumed  to  be  diflferent  (but  in  reality 
identical),  indicated  for  human  knowledge,  but  the  con- 
clusion is  finally  drawn,  that  man  will  never  pass  over 
these  limits  :  "  We  shall  never  know  that !    Ignorahimm!'' 

As  the  unanimous  thanks  of  the  Ecclesia  inilitans  have 
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been  gained  by  the  author  of  this  **  Ignorabimus"  the  most 
deserving  student  of  the  electricity  of  nerves  and  muscles, 
we  must  here  most  emphatically  protest  in  the  name  of 
advancing  natural  knowledge  and  of  all  science  capable 
of  development.  Had  our  one-celled  Amoeba-ancestors  of 
the  Laurentian  Period  been  told  that  their  descendants 
would  afterwards^  in  the  Cambrian  Period,  produce  a  many- 
celled  Worm-like  organism  possessed  of  skin  and  intestine, 
muscles  and  nerves,  kidneys  and  blood-vessels,  they  would 
certainly  not  have  believed ;  nor,  again,  would  these  Worms 
have  believed,  had  they  been  told  that  their  descendants 
would  develop  into  skull-less  Vertebrates,  such  as  the 
Amphioxus ;  nor  would  these  Skull-less  Animals  have 
credited  that  their  posterity  would  ever  become  Skulled 
Animals  (Craniota).  Our  Silurian  Primitive-fish  ancestors 
would  have  been  equally  hard  to  convince  that  their  off- 
spring of  the  Devonian  Period  would  acquire  amphibian 
form,  and  yet  later,  in  the  Triassic  Period,  would  appear 
as  Mammals ;  the  latter,  again,  would  have  deemed  it  im- 
possible that,  in  Tertiary  times,  a  very  late  descendant 
of  theirs  would  acquire  human  form,  and  would  gather  the 
splendid  fruits  of  the  tree  of  knowledge.  All  these  would 
have  answered :  **  We  shall  never  change,  nor  shall  we 
ever  understand  the  history  of  our  evolution!  Nunqtuim 
mutabimur  /    Semper  ignorahbnus  !  " 

With  this  IgnorahimuB  the  Berlin  school  of  Biology 
tries  to  stop  science  in  its  advance  along  the  paths  of 
evolution.  This  seemingly  humble  but  really  audacious 
" /gmarafeimtia "  is  the  **  Ignoratia'*  of  the  infallible 
Vatican  and  of  the  "  black  international  "  which  it  leads  ; 
that  mischievous  host,  against  which  the  modern  civilized 
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etate  has  now  at  last  begun  in  earnest  the  "Btmi 
for  culture."  In  this  Bpiritual  warfare,  which  now  moves" 
all  thinkiDg  humanity,  and  which  prepares  the  way  for  a 
future  existence  more  worthy  of  man,  spiritual  freedom 
and  tmth,  reason  and  culture,  evolution  and  progret«a 
stand  on  the  one  side,  marslialled  under  the  bright  banner 
of  science;  on  the  other  side,  marshalled  under  the  black 
flag  of  hierarchy,  stand  spiritual  servitude  and  falsehood, 
want  of  reason  and  barbarism,  superstition  and  retrogres- 
Hion.  The  tminpet  of  this  gigantic  spiiitaal  warfare 
marks  the  dawn  of  a  new  day  and  the  end  of  the  long 
darkness  of  the  Middle  Ages.  For  modem  civiUzation,  in 
spite  of  the  progress  of  culture,  lies  bound  in  the  fetterd 
of  the  hierarchy  of  the  Middle  Ages  ;  and  social  and  oil 
life  is  ruled,  not  by  the  science  of  truth,  hut  by  the  ft 
of  the  church.  We  need  but  mention  the  mighty  influence 
which  irrational  dogmas  still  exercise  on  the  elementary 
edacation  of  our  youth ;  we  need  but  mention  that  the 
state  yet  permits  the  existence  of  cloisters  and  of  celibacy, 
the  most  immoral  and  baneful  ordinances  of  the  "only- 
saving  "  church ;  we  need  but  mention  that  the  civilized 
etate  yet  divides  the  most  important  parts  of  the  civil 
year  in  accordance  with  church  festivals ;  that  in  many 
Gauntries  it  allows  public  order  to  be  distmbed  by  ebiirch 
processions,  and  so  on.  We  do  indeed  now  enjoy  the 
unusual  pleasure  of  seeing  "most  Christian  bishops"  and 
Jesuits  exiled  and  imprisoned  for  their  disobedience  to  the 
laws  of  the  state.  But  this  same  state,  till  very  recently, 
harboured  and  cherished  these  most  dangerous  enemies  of 
teasoa. 

In  this  mighty  "  war  of  calture,"  affecting  as  it 
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the  whole  history  of  the  World,  and  in  which  we  may  well 
deem  it  an  honour  to  take  part,  no  better  ally  than  Anthro- 
pogeny  can,  it  seems  to  me,  be  brought  to  the  assistance 
of  struggling  truth.  The  history  of  evolution  is  the  heavy 
artillery  in  the  struggle  for  truth.  Whole  ranks  of  dualistic 
sophisms  fall  before  the  monistic  philosophy,  as  before  the 
chain  shot  of  artillery,  and  the  proud  structure  of  the 
Boman  hierarchy,  that  mighty  stronghold  of  infallible 
dogmatism,  falls  like  a  house  of  cards.  Whole  libraries 
of  church  wisdom  and  false  philosophy  melt  away  as  soon 
as  they  are  seen  in  the  light  afforded  by  the  history  of 
evolution.  The  church  militant  itself  furnishes  the  most 
striking  evidences  of  this,  for  it  never  ceases  to  give  the 
lie  to  the  plain  facts  of  human  germ-history,  condemning 
them  as  '^  diabolical  inventions  of  materialism.'*  In  so 
doing  it  gives  the  most  brilliant  witness  that  it  recognizes 
as  unavoidable  the  conclusions  which  we  have  drawn  from 
these  facts  as  to  tribal  history,  as  to  the  true  causes  of 
these  facts. 

In  order  to  render  these  little  known  facts  of  germ- 
history  and  their  causal  explanation  by  tribal  history 
accessible  to  as  wide  a  circle  of  educated  readers  as  pos- 
sible, I  have  followed  the  same  course  as  that  which 
I  adopted,  six  years  ago,  in  my  '^  Natural  History  of 
Creation,"  of  which  the  "  Anthropogeny  "  forms  a  second, 
more  detailed  part.  In  the  summer  of  1873  I  had  the 
academical  lectures,  on  the  outlines  of  the  history  of 
human  evolution,  which  I  have  delivered  during  the  last 
twelve  years  in  Jena  before  a  mixed  audience  of  students 
of  all  faculties,  taken  down  in  shorthand  by  two  of  that 
Qudienoe,  Messrs*  Kiessling   and  Schlawe.     The  task  I 
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undertook  iii  publishing  these  was  indeed  much  harder  th) 
that  incurred  in  the  "  Natural  History  of  Creation ; "  ft 
while  the  latter  passed  lightly  through  the  widest  circle 
of  biological  phenomena,  and  touched  only  on  the  most 
interesting  points,  I  was  obhged,  in  the  "  History  of  the 
Evolution  of  Man,"  to  exhibit  a  much  more  limited  series 
of  phenomena  in  their  proper  connection,  of  which,  indeed, 
each  individual  one  is  interesting  iu  its  proper  place, 
although  they  are  of  very  various  degrees  of  interest. 
Moreover,  the  comprehension  of  form -phenomena,  with 
which  humnn  germ-history  deals,  is  among  the  most 
difficult  of  morphological  tasks ;  the  academical  lectures 
on  the  history  of  human  evolution  are  rightly  considered 
even  by  medical  men,  who  are  previously  acquainted  with 
the  anatomical  features  of  the  human  body,  as  the  most 
difficult  to  understand.  I  saw,  therefore,  that,  if  I  desired 
to  make  the  road  into  this  dark  region,  entirely  closed 
yet  to  most  men,  really  accessible  to  the  educated  lail 
1  must,  on  the  one  hand,  hmit  myself  as  far  as  possible  in 
my  eelection  fi'om  the  abundance  of  emph'ic  matter,  and 
yet,  on  the  other  hand,  that  I  must  be  careful  not  to  pass 
entirely  over  any  essential  part  of  this  matter. 

Although,  therefore,  I  have  thi-ougbout  taken  pains 
present  the  ecieutifio  problem  of  Anthropogeny 
popular  a  form  as  possible,  I  do  not  imagine  that  I  have 
completely  accomplished  this  very  difficult  task.  I  shall, 
however,  have  gained  my  object  if  I  succeed  in  affording 
educated  persons  an  approsimate  conception  of  the  most 
essential  outlines  of  human  germ-history,  and  in  con- 
vincing them  that  the  sole  explanation  and  comprehension 
of  the  matter   is    afforded  by  the    corresponding  tribal 
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history.  Perhaps,  at  the  same  time,  I  may  hope  to  con- 
vince some  of  those  specialists,  who  deal  indeed  daily 
with  the  facts  of  germ-history,  but  who  neither  know  nor 
wish  to  know  anything  about  the  true  causes  of  these, 
which  lie  hid  in  tribal  history.  As  this  is  quite  the  first 
attempt  to  present  the  Ontogeny  and  Phylogeny  of  man  in 
their  whole  causal  connection,  I  fear  that,  at  best,  the 
point  at  which  I  aim  lies  far  beyond  the  point  gained. 
But  by  this  each  thinking  man  will,  it  is  to  be  hoped,  be 
convinced  that  only  by  recognizing  this  connection  does 
the  history  of  human  evolution  become  a  science.  On- 
togeny can  only  be  really  understood  through  Phylogeny. 
The  history  of  the  tribe  lays  bare  the  true  causes  of  the 
history  of  the  germ. 

Ernst  IIeinrich  Haeckel. 


Jena^  July  13,  1874. 
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When,  two  years  ago,  I  published  the  first  edition  of  the 
"  History  of  the  Evolution  of  Man,"  and  this  was  followed, 
a  few  months  later,  by  an  unaltered  second  edition,  I  was 
fully  conscious  of  the  hazard  involved  in  so  doing,  and 
was  prepared  to  meet  with  numerous  attacks.  These  were 
not  slow  to  come;  and  if  I  were  now  obliged  to  answer  all 
my  opponents,  this  third  edition  might  easily  be  doubled  in 
size.  I  think,  however,  that  I  may  satisfy  myself  with  but 
a  few  remarks. 

The  great  majority  of  my  opponents  are  determined 
enemies  of  the  Doctrine  of  Descent,  who  altogether  deny 
a  natural  evolution  of  organic  nature,  and  who  can 
only  explain  both  the  origin  of  man  and  that  of  animal 
and  plant  species  with  the  help  ol  miracles,  by  super- 
natm-al  creative  acts.  These  adherents  of  the  Creation 
Theory  I  need  not  answer;  for  Anthropogeny,  as  the 
special  application  of  the  Theory  of  Descent  to  Man, 
naturally  starts  from  the  recognition  of  this  latter  theory : 
ten  years  ago,  in  my  OenerelU  Morphologie,  and  again  in 
the  *'  Natural  History  of  Creation,"  I  explained  my  own 
conception  of  this  in  sufficient  detail. 
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I  cannot,  however,  refrain  from  defending  my  stand- 
point against  those  naturalists,  who,  taking  their  position 
indeed  on  the  Theory  of  Descent  and  on  Darwinism,  yet 
combat  my  individual  conception  of  this,  and,  especially, 
regard  my  application  of  the  theory  to  Anthropogeny.  as 
erroneous.  Many  of  these  naturalists,  who  were  formerly 
determined  opponents  of  the  Theory  of  Descent,  have 
recently  passed  over  to  Darwin's  camp,  merely  in  order 
not  to  stand  entirely  inactive  at  the  barren  standpoint 
offered  by  negation.  Against  two  of  these  false  Darwinists, 
Wilhelm  His  and  Alexander  Goette,  I  have  defended 
myself  in  a  special  work  on  "  The  Aims  and  Methods  of  the 
Modem  History  of  Evolution"  ("  Ziele  und  Wege  der  Heuti- 
gen  Entwickelungsgeschichte."  Jena,  1875).  To  that  work 
I  now  refer.  On  the  other  hand,  I  have  been  forcibly 
attacked  by  naturalists  who  are  really  esteemed  as  well- 
known  and  convinced  adherents  of  the  Theory  of  Evolu- 
tion, Of  these,  Karl  Vogt  and  Albert  Kolliker  require  a  few 
words  of  answer. 

Vogt,  whose  many  services  in  furthering  Zoology  I  have 
always  most  readily  acknowledged,  ranked  second  to  Huxley 
among  those  naturalists  who,  but  a  few  years  after  the 
appearance  of  Darwin's  "  Origin  of  Species,"  attempted  to 
apply  the  theory  contained  in  that  work  to  Man  and 
represented  this  as  necessary.  He  afterwards,  however, 
made  no  further  progress  in  the  same  direction.  While,  as 
I  am  convinced,  the  mass  of  facts  already  accumulated  in 
Compai'ative  Anatomy,  Ontogeny,  Palaeontology,  and  Sys- 
tematic Zoology,  is  amply  suflScicnt  to  afford  the  most 
general  points  on  which  to  base  the  hypothetic  human 
pedigree,  Karl  Vogt  now  holds  opposed  views,  and  entirely 
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rejects  the  ancestral  series  as  I  have  arranged  it.  He 
says :  '^  We  have  been  able  to  prove  the  assertion  that  Men 
and  Apes  must  have  originated  from  a  common  line ; — more 
than  this  we  have  never  asserted,  and  further  back  than 
this  it  is  absolutely  impossible  to  prove  anything  or  even 
to  show  with  any  degree  of  probability  more  than  that. 
at  farthest,  the  higher  Mammals  may  perhaps  have  de- 
veloped from  Pouched  Animals  {Marsupialia),'*  Against 
this  view  of  Yogt's,  I  assert,  that  with  the  same  logical 
"certainty  or  probability"  the  common  descent  of  all 
Mammals  from  lower  Vertebrates,  primarily  from  Am- 
phibia, less  immediately  from  Fishes,  may  be  "proved." 
With  the  same  "  certainty  or  probability  ** — I  assert  again 
— the  descent  of  all  these  Skulled  Animals  {Craniota)  ixom 
Skull-less  forms  {Acrania^  allies  of  Amphioxus),  the  descent 
of  these  latter  from  Chorda  Animals  {Chordonia,  forms 
allied  to  Ascidia),  and  the  descent  of  these  Chorda  Animals 
from  low  Worms,  "may  be  proved."  With  the  samu 
"  certainty  or  probabiUty  " — I  say  finally — "  we  have  been 
able  to  prove  the  assertion,"  that  these  Worms  must, 
in  their  turn,  have  originated  from  a  Gastrsea  (resembling 
the  gastrula),  and  these  Gastrseads  from  a  one-celled 
organism  (resembling  the  undifferentiated  Amoeba).  Proofs, 
as  I  believe,  of  these  assertions  are  given  in  Chapters 
XIII.-XXV.  of  this  edition. 

The  whole  of  this  hypothetic  pedigree  Karl  Vogt  entirely 
rejects,  without,  however,  substituting  another.  He  espe- 
cially denies  our  relationship  with  the  Selachii  and  the 
Amphioxus,  with  the  Ascidia  and  the  Gastraa,  although  the 
especially  great  phylogenetic  significance  of  these  instruc- 
tive animal-forms  is  almost  unanimously  recognized  by  the 
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first  autboritiea  in  our  science.    Whilst  Vogt  completely  I 
opposes   himself  to   these   important  views,   which   from  " 
day  to  day  become  more  firmly  established,  he  refers  to 
Karl   Semper,   a    "gifted"  naturalist,    who   shares   these 
viowB  of  Vogt's,  and  who  derives  Vei-tebratos  from  Ringed 
Worms  (Annelida),     I  regret  that  I  can  make  no  use  of 
this  reference;  nor  do  I  find  reason  to  answer  Semper's 
polemic  on  "Haeckelism  in  Zoology "{"  Haeckelismus  in 
der  2ooIogie."    Hamhmg,  1876) ;   for,  apart  from  his  de- 
fective education  and  his  insufficient  acquaintance  with  the 
whole  subject  of  Zoology,  this  "gifted"  zoologist  i 
much  at  variance  vith  logic,  as    also  with  truth,  thati 
refutation  seems  superfluous.   (Cf.  vol.  i.  p.  91  and  p.  426.)  1 
An  example  is  sufficient  to  show  this:  In  order  to  indicate 
the  scientific  value  of  "Ilaeckehsm,"  and  in  order  "to 
show  that  this   tendency  must  continually   diverge   mor4| 
and   more    widely   from    the   really    scientific     study    otfl 
nature,"  Semper  Irings  forward  the  fact  that,  "acoordingl 
to  Haeckel's  own  Btatemcnt.    Darwinism  should  be  the 
religion  of  every  natui-alist."     This  last  statement,  which 
I  consider  absurd,  is  not  mine,  but  that  of  my  determined 
opponent,  Professor  Eiitimeyer,  and  I  quoted  the  sentence 
in  the  preface  to  the  third  edition  of  the  "  Natural  History 
of  Creation  "  merely  to  show  the  singular  ground  occupied  ■ 
by  its  author.  ■ 

The  wide  cleft  which  separates  my  standpoint  of  ttin 
history  of  evolution  and  of  natural  science,  as  a  whole, 
firom  that  of  Vogt  and  Semper  cannot  be  better  indicated 
than  by  our  mutual  poeition  towards  philosophy.  Karl 
Vogt,  like  his  friend  Earl  Semper,  was  a  sworn  contemnai 
of  all  philosophy.    The  former  seizes  every  opportaui^  t 
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mock  at  philosophic  tendencies  and  researches ;  and  the 
latter  knows  no  more  severe  charge  to  bring  against  me 
than  that  I  seek  to  unite  empiricism  and  philosophy, 
experience  and  idea,  ''observation  and  reflection.*'  I  am 
certainly  firmly  convinced  that  a  really  scientific  study  of 
nature  can  no  more  dispense  with  philosophic  reflection, 
than  can  healthy  philosophy  ignore  the  results  of  natural 
scientific  experience.  ''An  exact  empiricism,"  without 
those  philosophic  thoughts  which  combine  and  explain  the 
raw  material  of  facts,  merely  results  in  the  accumulation 
of  a  lifeless  store  of  knowledge ;  on  the  other  hand, 
"  speculative  philosophy  "  which  knows  nothing  of  the  firm 
basis  afforded  by  natural  scientific  observation,  can  only 
produce  transient  cloud-pictures.  The  most  intimate  com- 
bination and  blending  of  empiricism  and  philosophy  can 
alone  enable  us  to  construct  a  permanent  and  sure  scientific 
structure.  I  still  hold  as  decidedly  as  ever  the  much- 
abused  views  which  I  expressed,  ten  years  ago,  about  this 
matter  in  my  GenereUe  Morphohgie,  and  the  fundamental 
ideas  which  I  have  here  reproduced. 

Moreover,  he  must  be  very  one-sided  or  short-sighted 
who  does  not  recognize  the  natural  approximation,  which 
is  now  becoming  more  close  in  all  branches  of  human 
knowledge,  between  experimental  and  reflective  study.  The 
enormous  enlargement  of  the  field  of  empiric  knowledge 
which  has  been  brought  about  by  the  progress  of  the  last 
balf-contury,  has  resulted  in  a  corresponding  specialization 
of  separate  researches,  and  consequently  in  an  isolation  of 
diverging  aims  which  cannot  possibly  continue  to  satisfy. 
All  thoughtful  observers  feel,  more  acutely  in  consequence 
of  this,  that  they  must  raise  themselves  from  the  wearisome 
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task  of  aocamiilating  dry  details  to  wider  viewa,  ! 
gain  sympathy  with  allied  aims.  On  the  otht 
stc-riiity  of  such  pure  speculative  philosophy  as  ignores  all 
those  enormous  advances  in  empiric  knowledge,  has  bo 
forced  its  way  into  the  consciousnesa  of  all  Bound  thinkers, 
that  they  earnestly  desire  to  fall  back  on  the  finn  bi 
afforded  by  experimental  science. 

The  ever- in  creasing  flood  of  wTitings  on  natural  philo- 
sophy, and  essays  on  the  relation  of  philosophy  to  natural 
science,  plainly  indicates  the  happy  growth  of  this  scientific 
unitary  tendency.  Notliing  is  more  favourable  to  this, 
nothing  better  advances  the  combination  of  the  various 
scientific  lines,  than  the  new  theory  of  evolution.-  The 
extraordinary  importance  ascribed  to  this  theory,  rests 
especially  on  the  fact  that  it  supplies  a  philosophic  central 
point,  and  just  for  this  very  reason  it  has  in  so  short  a 
time  gained  the  active  interest  of  all  thoughtful  minds. 
It  raises  us  from  a  knowledge  of  facts  to  a  knowledge  of 
causes,  and  thus  affords  a  deeper  satisfaction  to  the 
demand  for  causality  innate  in  human  reason  than  a  mere 
experimental  science  could  ever  supply.  When,  therefore, 
Karl  Vogt  and  many  other  naturalists  entirely  reject  philo- 
sophy, and  will  not  allow  that  it  has  any  point  of  uiiion 
with  what  is  called  "  exact "  natural  science — they  voli 
tarily  renounce  all  the  higher  aims  of  investigatii 
(Cf.  vol.  ii.  p.  387.) 

Albert  Kollikor  occupies  a  similarly  one-sided  stand*' 
point.  This  author,  in  the  second  edition  of  his  "  History 
of  the  Evolution  of  Man  and  the  Higher  Animals"  ("Ent- 
wickeluugsgeschichte  des  Itenschen  nnd  der  Hoheren 
Thiere,"  1876),  in  especially  attacking  the  fundamental  lau 
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of  Biogeny,  has  impugned  the  very  foundation  on  which 
Anthropogeny  rests.  Most  of  his  objections  are,  it  appears 
to  me,  refuted  by  the  explanations  which  I  have  given 
in  this  third  edition  as  to  the  very  important  relations 
of  Palingenesis  and  Eenogenesis.  (Compare  especially 
Chapters  I.,  VIII.,  and  X.)  Kolliker  will  not  recognize  the 
Gastrsea  Theory  because  he  has  been  unable  to  discover  a 
gastrula  in  Mammals  and  Birds.  But  his  experiences  are 
opposed  to  the  most  recent  researches  of  Van  Beneden  and 
Bauber,  of  whom  the  former  in  the  case  of  the  Babbit,  the 
latter  in  the  case  of  the*  Chick,  describes  a  kenogenetic 
gastrula-form,  which,  in  accordance  with  the  Gastrsea 
theory,  may  easily  be  referred  to  the  palingenetic  gastrula 
of  the  Amphioxus.  KolUker  says  finally :  ''As  the  last  and 
most  important  argument,  I  bring  forward  the  fact  that 
Phylogeny  as  read  by  Darwin  and  Haeckel  does  not,  it 
appears  to  me,  represent  the  truth."  This  ''most  im- 
portant argument "  is  a  simple  petitio  principii.  The  sen- 
tence might  as  well  be,  "  phylogeny  is  not  true  because  it 
does  not  represent  the  truth." 

How  very  different  in  other  respects  Kolliker's  concep- 
tion of  the  history  of  evolution  is  from  mine  is  most  clearly 
indicated  in  the  "  General  Observations  "  (§  29)  at  the  end 
of  his  book.  The  learned  Wiirzburg  anatomist  there 
explains  with  reference  to  germ-history,  his  "essential 
agreement  in  fundamental  conceptions"  with  the  im- 
leamed  Leipzig  anatomist  Wilhelm  His.  I  have  explained 
the  nature  of  these  "  mechanical  fundamental  conceptions  '* 
in  Chapter  XXIV.  of  this  book  (vol.  ii.  p.  352),  and  in 
greater  detail  in  my  work  on  "  The  Aims  and  Methods  of 

the  Modem  History  of  Evolution"  ("Ziele  und  Wege  der 
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Heutigen  Entwickelungggeschichtd ").  The  oelebraf 
theories  of  His,  of  which  I  have  Bpokea  as  the  "  enveloj 
theory,"  "gum-pouch  theory,"  "waste-rag  theory,"  etc., 
ore  the  brilliant  results  of  that  "gifted"  author's  efforts 
and  mathematical  calculations.  Aud  yet  many  have 
allowed  themselves  to  be  dazzled  by  the  "  exact "  appear- 
ance of  Ilia  mathematical  formulffl.  The  history  of  the 
evolution  of  organisms,  eijually  with  the  history  of  human 
oivilization,  can  never  be  the  subject  of  "exact"  investi- 
gation. Tlie  history  of  evolution  is  in  its  very  nature  on 
historic  natm-al  science,  as  is  geology.  To  regard  and 
treat  these  and  other  historic  natui'ol  sciences  as  "  exact " 
leads  to  the  greatest  errors.  This  is  as  true  of  germ- 
history  (Ontogeny)  as  of  tribal  history  (Phylogeny) 
between  the  two  there  is  the  most  mtimate  caut 
connection. 

Many  naturalists  have  especially  blamed  the  diagram* 
matio  figures  given  in  the  Anthropogeny.  Certain  teeb- 
nical  embryologiets  have  brought  most  severe  accusations 
against  me  on  this  account,  aud  have  advised  me  to  substi- 
tute a  larger  number  of  elaborated  figures,  as  accurate  as 
possible.  I,  however,  consider  that  diagrams  are  mnch 
more  instructive  than  such  figures,  especially  in  populai 
Bcicntific  works.  For  each  simple  diagiammatic  fi.gnre 
gives  only  those  essential  form-features  wiiich  it  is  intended 
to  explain,  and  omits  all  those  unessential  details  which  ia 
finished,  exact  figures,  generally  rather  disturb  and  confuse 
than  instrnct  and  explain.  The  more  complex  are  the 
form-features,  the  more  do  simple  diagrams  help  to  make 
them  intelligible.  For  this  reason,  the  few  diagrammatic 
BgoreB,  simple  and  rough  as  they  were,  with  which  Baci 
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hfilf  a  century  ago  accompanied  his  well-known  "  ffistory 
of  the  Evolution  of  Animals/'  have  been  more  serviceable 
in  rendering  the  matter  intelligible  than  all  the  numerous 
and  Tory  careful  figures,  elaborated  with  the  aid  of 
camera  lucida,  which  now  adorn  the  splendid  and  costly 
atlases  of  His,  Goette^  and  others.  If  it  is  said  that  my 
diagrammatic  figures  are  ''inaccurate,"  and  a  charge  of 
*'  falsifying  science  "  is  brought  against  me,  this  is  equally 
tme  of  all  the  very  numerous  diagrams  which  are  daily  used 
in  teaching.    All  diagrammatic  figures  are  ''  inaccurate.^ 

The  important  advances  in  many  di£ferent  directions 
made  daring  the  last  two  years,  both  by  germ-history  and 
tribal  history,  especially  the  reconstruction  of  the  germ- 
layer  theory  and  the  development  of  the  Gastrflea  theory, 
have  compelled  me  essentially  to  modify  the  second  and 
third  sections  of  the  Anthropogeny.  Chapters  VIII.,  IX., 
XVI.,  and  XIX.  especially  appear  in  a  new  form ;  but  even 
in  Sections  I.  and  IX.  I  have  been  compelled  to  modify 
much  and  to  improve  many  parts.  At  the  same  time  I 
haye  exerted  myself  to  the  utmost,  by  improving  the  formal 
exposition,  to  render  the  extremely  dry  and  unacceptable 
matter  more  interesting.  This  is,  of  course,  an  unusally 
hard  task,  and  I  am  weU  aware  how  far  even  this  third 
edition,  in  spite  of  all  my  efforts,  is  from  affording  a  really 
popularly  intelligible  explanation  of  the  Ontogeny  and 
Phytogeny  of  Man.  Because  the  defective  natural  scien- 
tifie  instruction  in  our  schools,  even  in  the  present  day, 
leayes  educated  men  quite  or  nearly  ignorant  of  the  struc- 
ture and  arrangement  of  their  bodies,  the  anatomical  and 
physiological  foundation  is  usually  wanting,  on  which  alone 
a  tme  knowledge  of  human  germ-history,  and  consequently 
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of  hninan  tribal  history,  can  be  based.  And  yet,  as  Baer 
says,  "no  investigation  is  more  worthy  of  a  free  and 
thoughtful  man  than  the  study  of  himself."  (Cf.  vol.  i. 
p.  244.)  Hoping,  as  I  do,  that  I  may  have  aided  to  some 
extent  to  bring  about  this  true  self-knowledge,  I  shall  have 
gained  my  pui-pose  if  my  labours  arouse  an  active  interest 
in  wider  circles  in  the  historic  evolution  of  our  animal 
organism,  and  if  they  advance  the  knowledge  of  this  most 
significant  process. 

Ernst  IIeinrich  Haeckel. 


Jena,  October  6,  1876. 


PROMETHEUS. 

ExYKlL  tbine  heaven,  Zens,  with  vaporons  cload« 

A.nd  practise,  like  a  boy  beheading  thistles^ 

On  oaks  and  mountain  summits ; 

Yet  most  thou  let  my  earth  alone  to  stand. 

And  these  my  dwellings,  which  thou  didst  not  build, 

And  these  mj  flocks,  for  whose  bright  glow 

Thou  enviest  me* 

I  know  not  aught  more  wretched 

Beneath  the  sun  than  you,  ye  Ooda  I 

Who  nourish  piteously, 

With  tax  of  sacrifice  and  reek  of  prayer ;  your  gloiy 

Would  starve,  if  children  were  not  yet,  and  suppliante. 

So  full  of  hope — and  fools. 

When  I  was  young,  and  knew  not  whence  nor  whither, 

I  used  to  turn  my  dazzled  eyes  to  the  sun. 

As  if  above  me  were 

An  ear  to  listen  to  my  crying, 

A  heart,  like  mine,  to  pity  those  oppressed. 

Who  aided  me  against  the  Titans*  arrogance  P 

Who  rescued  me  from  death,  from  slavery  P 

Tis  thou  alone  hast  wrought  it  all,  thou  holy,  glowing  heart. 

Thou  didst  glow  young  and  fresh,  though  cheated;  thanks  for 

saving 
That  slumbering  one  above. 

Why  should  I  honour  thee  P 

Hast  thou  e'er  lighten'd  the  woes,  of  the  laden  ones  p 
Hast  thou  e*er  dried  the  tears  of  the  sorrowful  P 
[t  was  not  thou  who  welded  me  to  manhood. 
But  Time  the  almighty.  Fate  the  everlasting, 
lly  Lords  and  thine. 


XXXViii  FAUST. 

Dost  fondly  fancy  I  shall  hate  my  life, 
And  hie  me  to  the  waste,  becanse  not  all 
My  blossom-dreams  bear  fruit  ? 

Here  sit  I  forming  manhood  in  my  image, 

A  race  resembling  me, 

To  sorrow,  and  to  weep. 

To  taste,  to  hold,  to  enjoy. 

And  not  take  heed  of  thoe, 

Ab  1 1  Goethe. 


FAUST. 

Earth's  narrow  circle  is  well  known  to  mo ; 
What  is  above  the  eye  can  never  see. 
Fool,  who  peers  thither  with  his  vision  dim, 
And  feigns  a  crowd  of  beings  like  to  him ! 

Let  him  look  ronnd  him,  standing  withont  fear ; 
This  world  speaks  plain  for  who  has  ears  to  hear; 
He  need  not  stray  within  the  vast  to  be, 
But  clasp  what  he  can  feel  and  see. 

€o  let  him  wander  all  his  earthly  day ; 

Thongh  ghosts  should  walk,  still  let  him  go  his  ways 

In  every  progress  woe  and  joy  betide. 

Though  every  moment  be  unsatisfied. 

Tea,  in  this  thought,  I  fix  unswerving ; 

Wisdom  gives  thus  her  judgment  form ; 
Those  are  of  Freedom,  Life,  deserving, 

Who  daily  take  them  both  by  storm. 

GOITHB. 
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CHAPTER  L 

THE  FUNDAMENTAL  LAW  OF  THE  EVOLUTION  OF 

ORGANISMS. 

GtoDeral  Significance  of  the  Hi8tor7  of  the  Eyolntion  of  Man. — Ignorance  of 
it  among  the  80.called  Edacated  Glasses. — ^The  Two  Branches  of  the 
History  of  Erolation. — Ontogeny,  or  the  History  of  Germs  (Embryos), 
and  Fhylogeny,  or  the  History  of  Descent  (or  of  the  Tribes). — Cansai 
Connection  between  the  Two  Series  of  Evolution. — The  Evolution  of 
the  Tribe  determines  the  Evolution  of  the  Germ. — Ontogeny  as  an 
Epitome  or  Becapitulation  of  Fhylogeny.  The  Incompleteness  of  this 
Epitome. — ^The  Fundamental  Law  of  Biog^ny. — Heredity  and  Adapta- 
tion are  the  two  Formative  Functions,  or  the  two  Mechanical  Causes, 
of  Evolution. — ^Absence  of  Purposive  Causes. — ^Validity  of  Mechanical 
Causes  only. — Substitution  of  the  Monistic  or  Unitary  for  the  Dualistic, 
or  Binary  Cosmology. — Badioal  Importance  of  the  Facts  of  Embryology 
to  Monistic  Philosophy. — Palingenesis,  or  Derived  History,  and  Eeno- 
genesis,  or  Vitiated  History. — History  of  the  Evolution  of  Forms  and 
Functions. — Necessary  Connection  between  Physiogeny  and  Morpho- 
geny.— The  History  of  Evolution  as  yet  almost  entirely  the  Product  of 
Morphology,  and  not  of  Physiology. — The  History  of  the  Evolution  of 
the  Central  Nervous  Sjrstem  (Brain  and  Spinal  Marrow)  is  involved 
in  that  of  the  Ptoychio  Activities,  or  the  Mind. 

"The  History  of  the  Evolution  of  Organisms  consists  of  two  kindred  and 
dosely  connected  parts :  Ontogeny,  which  is  the  history  of  the  evolution  of 
faidividual  organisms,  and  Fhylogeny,  which  is  the  historyof  the  evolution 
ci  ocgmnio  Mbes.  Ontogeny  is  a  brief  and  rapid  recapitulation  of 
Fhylogeny,  dependent  on  the  physiological  functions  of  Heredity  (reproduo* 
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tion)  and  Adaptation  (nntntion).  The  individnal  organism  reproduces  in 
the  rapid  and  short  course  of  its  own  eyolntion  the  most  important  of  the 
changes  in  form  throngh  which  its  ancestors,  according  to  laws  of  Hereditj 
and  Adaptation,  have  passed  in  the  slow  and  long  course  of  their  palsBonto- 
logical  evolution." — Kaec&bl*8  Qenerelle  Morphologie  (1866). 

The  natural  phenomena  of  the  evolutionary  history  of  man 
claim  an  entirely  peculiar  place  in  the  wide  range  of 
the  scientiiSc  study  of  nature.  There  is  surely  no  subject 
of  scientific  investigation  touching  man  more  closely,  or  in 
the  knowledge  of  which  he  is  more  deeply  concerned,  than 
the  human  organism  itself ;  and  of  all  the  various  branches 
of  the  science  of  man,  or  anthropology,  the  history  of 
his  natural  evolution  should  excite  his  highest  interest. 
For  it  afibrds  a  key  for  the  solution  of  the  greatest  of  those 
problems  at  which  human  science  is  striving.  The  greatest 
problems  with  which  human  science  is  occupied — the  inquiry 
into  the  true  nature  of  man,  or,  as  it  is  called,  the  question 
of  "  Man's  Place  in  Nature,"  which  deals  with  the  past 
and  primitive  history,  the  present  condition,  and  future 
of  Man — ^are  all  most  directly  and  intimately  linked  to  this 
branch  of  scientific  research,  which  is  called  The  History 
of  the  Evolution  of  Man,  or  briefly,  **  Anthropogeny."  ^ 
It  is,  however,  a  most  astonishing  but  incontestable  &ci, 
that  the  history  of  the  evolution  of  man  as  yet  constitutes 
no  part  of  general  education.  Indeed,  our  so-called  "  edu- 
cated classes"  are  to  this  day  in  total  ignorance  of  the 
most  important  circumstances  and  the  most  remarkable 
phenomena  which  Anthropogeny  has  brought  to  light. 

In  corroboration  of  this  most  astounding  fact,  I  will 
only  mention  that  most  "educated  people"  do  not  even 
know  that  each  human  individual  is  developed  from  an 
egg,  and  that  this  egg  is  a  simple  cell,  like  that  of  any 
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animal  or  plant.  They  are  also  ignorant  of  the  fact  that^ 
in  the  development  of  this  egg,  an  organism  is  first  formed 
which  is  entirely  difierent  from  the  fully  developed  human 
body,  to  which  it  bears  no  trace  of  resemblance.  The 
majority  of  "educated  people"  have  never  seen  such  a 
human  germ,  or  embryo,  in  the  early  stages  of  development,^ 
nor  are  they  aware  that  it  is  not  at  all  difierent  from  those 
of  other  animals.  They  do  not  know  that,  at  a  certain 
period,  this  embryo  has  essentially  the  anatomical  structure 
of  a  Lancelet,  later  of  a  Fish,  and  in  subsequent  stages 
those  of  Amphibian  and  Mammal  forms ;  and  that  in  the 
further  evolution  of  these  mammal  forms  those  fii*st  appear 
which  stand  lowest  in  the  series,  namely,  forms  allied  to 
the  Beaked  Animals  (OrnUhorhynchus) ;  then  those  allied 
to  Pouched  Animals  {Naraupialia),  which  are  followed  by 
forms  most  resembling  Apes ;  till  at  last  the  peculiar  human 
form  is  produced  as  the  final  result.  These  significant  facts 
are  so  little  known  that,  when  incidentally  mentioned,  they 
are  commonly  doubted,  or  are  even  regarded  as  imfounded 
inventions.  Every  one  knows  that  the  butterfly  proceeds 
from  a  pupa,  the  pupa  from  a  caterpillar,  to  which  it  bears 
no  resemblance,  and  again  the  caterpillar  from  the  egg  of  the 
butterfly.  But  few,  except  those  of  the  medical  profession, 
are  aware  that  man,  in  the  course  of  his  individual  evolution, 
passes  through  a  series  of  transformations  no  less  astonishing 
and  remarkable  than  the  well-known  metamorphoses  of  the 
butterfly.  The  mere  tracing  of  this  wonderful  series  of  forms, 
through  which  the  human  embryo  passes  in  the  course  of  its 
development,  is,  of  course,  of  great  general  interest.  But  our 
tmderstanding  will  be  satisfied  in  a  far  higher  degree,  if  we 
refer  these  remarkable  facts  to  their  final  causes,  and  recognize 


that  these  natural  phenomena  are  of  the  utmost  imperial 
to  the  entire  range  of  human  knowledge.    They  are 
special  importance  to  the  "  History  of  Creation,"  and, 
connection  with  this,  to  philosophy  in  general, — as  we  ahi 
presently  see.     Further,  as  the  general  results  of  all  human 
striving  after  knowledge  are  summed  up  in  philosophy,  it 
follows  tliat  every  branch  of  scientific  research  comes  more 
or  less  in  contact  with,  and  is  inSuenced  by,  the  History  (rf 
the  Evolution  of  Man. 

In  undertaking  to  describe  the  most  important  character- 
istics of  these  significant  phenomena,  and  to  trace  them 
back  to  their  final  causes,  I  shall  asaign  a  much  greater 
scope  and  aim  to  the  Histoiy  of  the  Evolution  of  Man  tlian 
ia  usual.  The  lectures  given  on  this  subject  in  German 
universities  during  the  past  fifty  years  have  been  exclusively 
designed  for  medical  studenta  It  is  true  that  the  physician 
is  most  deeply  interested  in  becoming  acquainted  with  the 
development  of  the  bodily  organization  of  man,  with  which 
he  deals,  practically,  from  day  to  day,  in  his  profession.  I 
shall  not  here  attempt  to  give  a  special  account  of  the  course 
of  the  evolution  of  the  individual,  such  as  has  usually  been 
given  in  embryological  lectures,  because  few  of  my  readers 
have  studied  human  anatomy,  or  are  acquainted  with 
the  physical  structure  of  the  developed  man.  Hence,  I 
shall  have  to  confine  myself  in  many  points  to  general 
outlines,  neglecting  many  of  the  remarkable  details,  which 
would  have  to  be  discussed  in  treating  of  the  evolution  of 
special  human  organs,  but  which  &om  their  complicated 
nature,  and  because  they  are  not  easy  to  describe,  can  only 
be  completely  understood  by  the  aid  of  an  intimate 
qoaintance  with  human  anatomy.     I  shall  strive,  howei 
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to  present  this  branch  of  the  science  in  as  popular  a  form  as 
possible.  A  satisfactory  general  idea  of  the  course  of  the 
evolution  of  the  human  embryo  can,  indeed,  be  given  without 
going  very  deeply  into  anatomical  details.  As  numerous 
successful  attempts  have  recently  been  made  to  awaken 
the  interest  of  larger  classes  of  educated  persons  in  other 
branches  of  Science,  I  abo  may  hope  to  succeed  in  this 
department,  though  it  is  in  many  respects  especially  beset 
with  difficulties. 

The  History  of  the  Evolution  of  Man,  as  it  has  been 
usually  treated  in  lectures  for  medical  students  at  the 
universities,  has  only  concerned  itself  with  Embryology,* 
so-called,  or  more  correctly  with  Ontogeny,*  in  other  words, 
with  the  history  of  the  evolution  of  individual  human 
organisms.  This,  however,  is  only  the  first  part  of  the  task 
before  us,  only  the  first  half  of  the  History  of  the  Evolution 
of  Man  in  the  wider  sense  which  will  here  be  attributed 
to  the  term.  The  second  part,  equal  in  importance  and 
interest,  is  Phylogeny,*^  which  is  the  history  of  the  evolution 
of  the  descent  of  man,  that  is,  of  the  evolution  of  the 
various  animal  forms  through  which,  in  the  course  of  coimt- 
less  ages,  mankind  has  gradually  passed  into  its  present 
form.  All  my  readers  know  of  the  very  important  scientific 
movement  which  Charles  Darwin  caused  fifteen  years  ago, 
by  his  book  on  the  Origin  of  Speciea  The  most  important 
direct  consequence  of  this  work,  which  marks  a  fresh  epoch, 
has  been  to  cause  new  inquiries  to  be  made  into  the 
origin  of  the  human  race,  which  have  proved  the  natural 
evolution  of  man  through  lower  animal  forms.  The  Science 
which  treats  of  the  development  of  the  human  race  from 
the  animal  kingdom  is  called  Phylogeny,  or  the  tribal 
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history  of  man.  The  most  important  source  from  whid 
the  science  derives  its  material,  is  Ontogeny,  or  the  histo^ 
of  germs,  in  other  words,  of  the  evolution  of  the  individual, 
i  PalBeontology,  or  the  seJence  of  petrifactions,  and,  in  a  yet 
greater  degree,  Comppjrative  Anatoniy,  aJao  afford  most  im- 
portant aid  to  Phylogeny.  h 

These  two  divisions  of  our  science.  Ontogeny,  or  thfl 
history   of   the  germ,   Pliylogeny,   or   the   history   of  th* 
tribe,  are  most  intimately  connected,  and  the  one  cannot 
be  understood  without  the  other.     The  close  intertwining 
of  both  branches,  the  increased  proportions  which  germ- 
history  and  tribal  history  lend  to  each  other,  alone  raise 
Biogeny '  (or  the  history  of  organic  evolution,  in  the  widest 
fiCnse)  to  the  rank  of  a  philosophic  natural  science, 
connection  between  the  two  is  not  external  and  superficia 
but  deeply  internal  and   causah     Our  knowledge  of  ( 
connection  has  been  but  very  recently  obtained ;  it  is  mof 
clearly  and  accurately  expressed  in  the  comprehensive  si&tt 
ment    which    I    call  "the   jundamental    law    of  ortjam 
evolution,"  or  more  briefly,  "  tlie  first  pri/nciple  of  Biogeny.''9 

This  fundamental  law,  to  which  we  shall  recur  agaial 
and  again,  and  on  the  recognition  of  which  depends  the 
thorough  undoretanding  of  the  history  of  evolution,  is  briefly 
expressed  in  the  proposition :  that  the  History  of  the  Genu 
is  an  epitome  of  the  History  of  the  Descent ;  or,  in  other 
vords :  that  Ontogeny  is  a  recapitulation  of  Phylogeny ;  or, 
somewhat  more  explicitly :  that  the  scries  of  forms  through 
which  the  IndividualOrganJsm  passes  during  its  progress  from 
the  egg  cell  to  its  fully  developed  state,  is  a  brief,  compressed 
reproduction  of  tlio  long  series  of  forma  tlirough  which  the 
aniniml  ancestors  of  that  organism  (or  the  ancestral  forma 
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of  its  species)  have  passed  from  the  earliest  periods  of  so* 
called  organic  creation  down  to  the  present  tima 

The  causal  nature  of  the  relation  which  connects  the 
Histoiy  of  the  Germ  (Embryology,  or  Ontogeny)  with  that 
of  the  tribe  (Phylogeny)  is  dependent  on  the  phenomena 
of  Heredity  and  Adaptation.  When  these  are  properly 
understood,  and  their  fundamental  importance  in  deter^ 
mining  the  forms  of  organisms  recognized,  we  may  go 
a  step  further,  and  say:  Phylogenesis  is  the  mechanical 
cause  of  Ontogenesia  The  Evolution  of  the  Tribe,  which 
is  dependent  on  the  laws  of  Heredity  and  Adaptation,  effects 
all  the  events  which  take  place  in  the  course  of  the  Evolution 
of  the  Germ  or  Embryo. 

The  chain  of  different  animal  forms  which,  according  to 
the  Theory  of  Descent,  constitutes  the  series  of  ancestors,  or 
chain  of  forefathers  of  eveiy  higher  organism,  and  hence 
also  of  man,  always  forms  a  connected  whole.  This  un- 
broken succession  of  forms  may  be  represented  by  the  letters 
of  the  Alphabet  A,  B,  C,  D,  E,  eta,  down  to  Z,  in  their 
alphabetical  order.  In  appai*ent  contradiction  to  this,  the 
history  of  the  individual  evolution,  or  the  Ontogeny  of  most 
organisms  show  us  only  a  fragment  of  this  series  of  forms,  so 
that  the  interrupted  chain  of  embryonic  forms  would  be 
represented  by  something  like :  A,  B,  F,  H,  I,  K,  L,  etc. ;  or, 
in  other  cases,  thus :  B,  D,  H,  L,  M,  N,  etc.  Several  evolu- 
tionary forms  have,  therefore,  usually  dropped  out  of  t'he 
originally  unbroken  chain  of  forms.  In  many  cases  also 
(retaining  the  figure  of  the  repeated  alphabet)  one  or  more 
letters,  representing  ancestral  forms,  are  replaced  in  the 
corresponding  places  among  the  embryonic  forms  by  equi- 
valent letters  of  another  alphabet    Thus,  for  example,  in 


place  of  the  Latin  B  or  D,  a  Greek  B  or  A  is  oflen  foimj 
Here,  therefore,  the  text  of  the  biogenetic  fiist  principle  i 
%'itiated,  while  in  the  former  case  it  was  epitomized.     Thi 
gives  more  importance  to  the  fact  that,  notwithstandiof, 
this,  the  sequence  remains  the  same,  so  that  we  are  enabled' 
to  recognize  its  original  order. 

Indeed,  there  is  always  a  complete  parallelism  between  th* 
t  ffo  series  of  evolution.  This  is,  however,  vitiated  by  tbd 
fact  that  in  most  cases  many  forms  which  formerly  existedi 
and  actually  lived  in  the  phylogenetic  series  are  now  wanting^ 
and  have  been  lo»t  from  the  ontogenetic  series  of  evolutioi 
If  the  parallelism  between  the  two  series  were  perfect,  a 
if  this  great  fundamental  law  of  the  causal  comtection  betwec 
Ontogeny  and  Phylogeny,  in  the  strict  sense  of  the  word, 
had  full  and  unconditional  sway,  we  should  only  have  ta 
ascertain,  with  the  aid  of  microscope  and  scalpel,  the  series  of 
forms  through  which  the  f&rtilized  human  egg  passes  befon; 
it  attains  its  complete  development  Such  an  examinaticHl 
would  at  once  ^ve  us  a  complete  picture  of  the  remarkablQ 
series  of  forms  through  which  the  animal  ancestors  of  tha 
human  race  have  passed,  from  the  beginning  of  organiq 
creation  to  the  first  appearance  of  mtm.  But  this  repro- 
duction of  the  Phylogeny  in  the  Ontogeny  is  complete  onljt 
in  rare  instances,  and  seldom  corresponds  to  the  entire  seria 
of  the  letters  of  the  alphabet  In  fact,  in  most  cases  1 
epitome  is  very  incomplete,  and  greatly  altered  and  pel 
Verted  by  causes  which  we  shall  investigate  hereafter.  Henol 
we  asQ  seldom  able  to  determine  directly,  by  means  of  id 
Ontogeny,  the  different  forms  through  which  the  ancestry  0 
each  organism  has  passed ;  on  the  contrary,  we  commonll 
find, — and  not  less  so  in  the  Phylogeny  of  man,^a  nambi 
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of  gaps.  We  are,  however,  able  to  bridge  over  the  greater 
part  of  these  gaps  satisfactorily  by  the  help  of  Compa- 
rative Anatomy,  though  not  to  fill  them  up  directly  by 
ontogenetic  research.  It  is  therefore  all  the  more  im- 
portant that  we  are  acquainted  with  a  considerable  number 
of  lower  animal  forms  which  still  find  place  in  the 'history  of 
the  individual  evolution  of  man.  In  such  cases,  from  the 
nature  of  the  transient  individual  form,  we  may  quite  safely 
infer  the  nature  of  the  ancestral  animal  form. 

For  example,  from  the  fact  that  the  human  egg  is  a 
simple  cell,  we  may  at  once  infer  that  there  has  been  at  a 
very  remote  time  a  unicellular  ancestor  of  the  human  race 
resembling  an  Amceba.  Again,  from  the  fact  that  the 
human  embryo  originally  consists  merely  of  two  simple 
germ-layers,  we  may  at  once  safely  infer  that  a  very  ancient 
ancestral  form  is  represented  by  the  two-layered  Gastrsea.  A 
later  embryonic  form  of  the  human  being  points  with  equal 
certainty  to  a  primitive  worm-like  ancestral  form  which  is 
related  to  the  sea-squirts  or  Ascidians  of  the  present  day. 
But  the  low  animal  forms  which  constitute  the  ancestral 
line  between  the  unicellular  amoeba  and  the  gastraea,  and 
farther  between  the  gastrsea  and  the  ascidian  form,  can  only 
be  approximately  conjectured  with  the  aid  of  Comparative 
Anatomy  and  Ontogeny.  On  account  of  a  shortened  process 
of  Heredity,  various  ontogenetic  intermediate  forms,  which 
must  have  existed  phylogenetically,  or  in  the  ancestral 
lineage,  have  in  the  com'se  of  historic  evolution  gradually 
dropped  out  from  these  gapa  But  notwithstanding  these 
numerous  and  sometimes  very  considerable  gaps,  there  is,  on 
the  whole,  complete  agreement  between  the  two  series  of 
evolution.    Indeed,  it  will  be  one  of  my  principal  objects  to 
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prove  the  deep  harmony,  and  original  parallelism^  be- 
tween the  two  series.  By  adducing  numerous  facts,  I  hope 
to  convince  my  readers  that  from  the  actually  existing 
series  of  embryonic  forms  which  can  be  shown  at  any  time, 
we  are  able  to  draw  the  most  important  conclusions  as  to 
the  genealogical  tree  of  the  human  speciea  We  shall  thus 
be  able  to  form  a  general  picture  of  the  series  of  animal 
forms  which  succeeded  each  other  as  the  direct  ancestors  of 
man,  in  the  long  course  of  the  histoiy  of  the  organic  world. 

In  this  phylogenetic  signiiScance  of  ontogenetic  phe- 
nomena, it  is  of  course  most  important  to  distinguish  clearly 
and  exactly  between  the  original,  palingenetic  processes  of 
evolution,  and  the  later  kenogenetic  processes  of  the  same. 
The  term  Palingenetic  process^  (or  reproduction  of  the  history 
of  the  germ)  is  applied  to  all  such  phenomena  in  the  history 
of  evolution  as  are  exactly  reproduced,  in  consequence  of 
conservative  heredity,  in  each  succeeding  generation,  and 
which,  therefore,  enables  us  directly  to  infer  the  corre- 
sponding processes  in  the  tribal  history  of  the  developed 
ancestors.  The  term  Kenogenetic  process^  (or  vitiation  of 
the  history  of  the  germ)  is  applied  to  all  such  processes  in 
the  germ-history  as  are  not  to  be  explained  by  heredity 
from  primaeval  parent-forms,  but  which  have  been  acquired 
at  a  later  time  in  consequence  of  the  adaptation  of  the 
germ,  or  embryo  form,  to  special  conditions  of  evolution. 
These  kenogenetic  processes  are  recent  additions,  which  do 
not  allow  of  direct  inference  as  to  the  corresponding  pro- 
cess<5S  in  the  tribal  history  of  the  ancestral  line,  but  which 
mthef  falsify  and  conceal  the  latter. 

This  critical  distinction  between  the  primary  palinge- 
netic, and  the  secondary  kenogenetic  processes  is  of  course 
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of  the  greatest  importance  to  scientific  Phylogeny,  which, 
from  the  available  empiric  material  supplied  by  Ontogeny, 
by  Comparative  Anatomy,  and  by  Palaeontology,  seeks  to 
infer  the  long  extinct  historical  processes  of  tribal  evolution. 
It  is  of  the  same  importance  to  the  student  of  evolution 
as  is  the  critical  distinction  between  corrupt  and  genuine 
passages  in  the  text  of  an  old  writer  to  the  philologist ;  the 
separation  of  the  original  text  from  interpolations  and  corrupt 
readings.  This  distinction  between  Palingenesis  or  inherited 
evolution,  and  Eenogenesis  or  vitiated  evolution,  has  not, 
however,  yet  been  sufficiently  appreciated  by  naturalists 
But  I  believe  that  it  is  the  first  condition  requisite,  if  the 
history  of  evolution  is  to  be  really  understood,  and  I  think 
that  two  separate  main  divisions,  based  on  this  distinction, 
must  be  made  in  germ-history;  Palingenesis  or  inherited 
histoiy,  and  Eenogenesis  or  vitiated  history. 

Let  us  illustrate  this  highly  important  distinction  by  a 
few  examples  taken  from  the  evolution  of  man.  In  Man,  as  in 
all  other  higher  Vertebrates,  the  following  incidents  of  germ- 
histoiy  must  be  regarded  as  palingenetic  processes :  the 
formation  of  the  two  primary  germ-layers,  the  appearance 
of  a  simple  notochord  (Chorda)  between  the  spinal  tube  and 
the  intestinal  tube,  the  transitory  formation  of  gill-arches 
and  gill-openings,  of  primitive  kidneys,  of  the  primitive  brain 
bladder,  the  hermaphrodite  rudiment  of  the  sexual  organs, 
etc  All  these,  and  many  other  important  phenomena  have 
evidently  been  accurately  handed  down,  by  constant  heredity, 
from  the  primaeval  ancestors  of  Mammals,  and  must,  there- 
fore, be  referred  directly  to  corresponding  palseontological 
evolutionary  incidents  in  the  history  of  the  tribe.  On  tl.o 
other  hand,  this  is  not  the  case  with  the  following  germinal 
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incidents,  which  must  be  explained  as  kenogenetiu  pi 
eessea ;  the  formation  of  the  yelk-sac,  of  the  allantois 
placenta,  of  the  amnion  and  chorion,  and,  generally,  of  the 
ditferent  egg-merabranea  and  the  corresponding  systems  of 
blood-vessels;  also  the  transitory  separation  of  the  primitivo 
vertebrate  platea  and  the  side-plates,  the  secondary  closing 
of  tbe  stomach  wall  and  the  intestinal  wall,  the  formation 
of  the  navel,  etc.  All  these,  and  many  other  phi^nomei 
are  evidently  not  referable  to  corresponding  conditions 
an  earlier,  independent,  and  fully  developed  jiaront  foi 
but  must  be  explained  as  solely  due  to  adaptation  to  tha 
peculiar  conditions  of  egg-life  or  cmhryo-life  (within  the 
egg-membranes),  With  reference  to  this  fact  we  may  now 
de6ne  our  "first  principle  of  Biogeny"  more  exactly  as 
folloWB:  "Tlie  evolution  of  the  germ  (Ontogeny)  is  a 
pressed  and  shortened  reproduction  of  the  evolution  of 
tribe  (Phylogeny) ;  and,  moreover,  this  reproduction  is 
complete,  in  proportion  as,  in  consequence  of  consi 
heredity,  the  original  inherited  evolution  (Palingenesis) 
more  closely  retained;  on  the  other  hand,  tbe  repetition 
IB  more  incomplete,  in  proportion  as  the  1at«r  vitiated 
evolution  (Kenogenesia)  is  introduced  by  changing  adapl 
tioo."  " 

The  kenogenetic  vitiations  of  the  original,  palingeni 
incidents  of  evolution  depend  in  great  measure  on  a  gradi 
occurring  displacement  of  the  phenomena,  which  is  efiecl 
in  the  course  of  many  thousands  of  years  by  adaption  to  tha 
changed  conditions  of  embryonic  existence.     This  displace" 
meat  may  effect  either   the  place    or    the   time  of  tha 
pbonomena.     If  the  former,  it  is  called  Ilcterotopy ;  if 
latter.  Heterochrony. 
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•  Displacement  in  position,  *  or  "  Heterotopy/*  especially 
affects  the  cells  or  elementary  parts  which  compose  the 
oi^gans^  but  it  also  affects  the  organs  themselves.  For 
example,  the  sexual  organs  of  the  human  embryo,  as  well  as 
those  of  many  higher  animals,  appear  to  originate  from 
the  middle  germ-layer.  But  the  comparative  Ontogeny  of 
the  lower  animals  shows,  on  the  other  hand,  that  these 
organs  did  not  originally  arise  from  this  layer,  but  from  one 
of  the  primary  germ-layers ;  the  male  sexual  organs  from 
the  outer  germ-layer,  the  female  from  the  inner.  Gradually, 
however,  the  germ-cells  have  altered  their  original  site,  and 
have  made  their  way,  at  an  early  period,  &om  their  original 
position  into  the  middle  germ-layer,  so  that  they  now 
appear  actually  to  originate  in  the  latter.  An  analogous 
heterotopism  affects  the  primitive  kidneys  in  the  higher 
Vertebrates.  Even  the  appearance  of  the  mesoderm  itself 
is  very  greatly  affected  by  a  displacement  in  position,  which 
is  connected  with  the  transition  of  embryo  cells  &om  one 
germ-layer  into  another. 

The  kenogenetic  "displacements  in  time,"  or  "Hetero- 
chronisms,''  are  equally  significant.  They  are  seen  in  the 
fact  that  in  the  germ-history  (Ontogeny)  the  sequence  in 
which  the  organs  appears  differs  from  that  which,  judging 
from  the  tribal  history  (Phylogeny),  would  be  expected  By 
heterotopy  the  sequence  in  position  is  vitiated ;  similarly, 
by  heterochrony  the  sequence  in  time  is  vitiated.  This 
vitiation  may  effect  either  an  acceleration  or  a  retardation 
in  the  appearance  of  the  organs.  We  must  regard  the 
following  incidents  in  the  germ-history  of  man  as  examples 
of  ontogenetic  acceleration :  the  early  appearance  of  the 
heart,  the  gill-openings,  the  brain>  the  eyes,  the  chorda, 
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etc.  It  is  evident  that  these  organs  appear  earlier  in 
relation  to  others  than  was  originally  the  case  in  the 
history  of  the  tribe.  The  reverse  is  true  of  tlie  retarded 
completion  of  the  intestinal  canal,  the  body-cavity,  and  the 
sexual  organs.  It  is  evident  that  in  these  coses  there  is  an 
ontogeiictic  postponement  or  retardation. 

It  is  only  by  critically  appreciating  these  kenogeni 
incidents  in  relation  to  the  palingenetic,  and  by  constantly 
allowing  for  tlie  changes  in  inherited  evolution  effected 
by  vitiated  evolution,  that  it  Is  possible  to  i-ecognize  ths 
fundamental  significance  of  the  first  principle  of  Biogeny, 
which  in  this  way  attains  its  true  value  aia  the  most  im- 
portant explanatory  principle  of  the  history  of  evoJutioiL 
When  it  is  thus  critically  appreciated,  tins  first  princi] 
also  proves  to  be  the  "red  thread  "  on  which  we  can 
uvery  one  of  the  phenomena  in  this  wonderful  dumain; 
this  is  the  thread  of  Ariadne,  witii  the  aid  of  which  alone 
we  are  able  to  find  an  intt-lligible  course  through  this  com- 
plicated labyrinth  of  forms.  Even  at  an  earlier  period,  when 
the  history  of  the  evolution  of  the  human  and  the  animrJ 
individual  first  became  somewhat  more  accurately  known- 
whieh  is  hardly  half  a  century  ago  1 — people  were 
surprised  at  the  wonderj'ul  similarity  existing  in  the 
genetic  forms,  or  the  stages  of  the  individual  evolution,  of' 
very  different  animals.  They  noticed  also  the  remarkable 
resemblance  between  these  and  certain  developed  animal 
forms  of  allied  lower  gi-oups.  Even  the  older  natural  philo- 
sophers recognized  the  fact  that  in  a  certain  way  these 
lower  animals  permanently  represent  in  the  system  of  the 
animal  kingdom  forms  which  appear  transiently  in 
evolution  of  individuals  of  higher  groups.     But  fomu 
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H  was  impossible  to  understand  and  interpret  aright  this 
remarkable  resemblance.  Darwin  s  greatest  merit  is  that 
he  has  now  enabled  ns  to  understand  this  circumstance. 
This  gifted  naturalist  was  the  first  to  place  the  pheno- 
mena of  Heredity  on  the  one  hand,  and  of  Adaptation  on 
the  other,  in  their  true  light,  and  to  show  the  fundamental 
significance  of  their  constant  interaction  in  the  production 
of  organic  forms.  He  was  the  first  to  point  out  the  im- 
portant part  played  by  the  continual  Struggle  for  Existence 
in  which  all  organisms  take  part,  and  how  under  its  in- 
fluence, through  Natural  Selection,  new  species  of  organisms 
have  arisen,  and  still  arise,  entirely  by  the  interaction  of 
Heredity  and  Adaptation.  Darwin  thus  enabled  us  properly 
to  imderstand  the  immensely  important  relation  existing 
between  the  two  divisions  of  the  History  of  Evolution : 
Ontogeny,  and  Phylogdny. 

If  the  phenomena  of  Heredity  and  Adaptation  are  left 
unnoticed,  if  these  two  formative  physiological  functions  of 
the  oi^ganism  are  not  taken  into  account,  then  it  is  entirely 
impossible  thoroughly  to  understand  the  History  of  Evolution; 
8o  that  before  the  time  of  Darwin  we  had  no  clear  idea  of 
the  real  nature  and  causes  of  the  development  of  germs. 
It  was  utterly  impossible  to  explain  the  strange  series  of 
forms  through  which  a  human  being  passes  in  its  embryonic 
evolution ;  it  was  impossible  to  comprehend  the  reason  of 
the  curious  series  of  various  animal-like  forms  which  appear 
ic  the  Ontogeny  of  man.  Previously  it  was  even  generally 
believed  that  the  whole  human  being,  with  all  its  parts 
foreshadowed,  existed  even  in  the  e^,  and  that  his  evolution 
was  only  an  unfolding  of  the  form,  a  simple  process  of 
growtL     But  this  is  not  at  all  the  case.    On  the  contrary, 
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the  entire  process  of  the  evolution  of  the  individual  f 
to  the  eye  a  connected  series  of  diverse  animal  fonna ; 
these  various  animal  forms  exhibit  vety  diverse  conditiotu 
of  external  and  internal  structure.  The  reason  why  every 
human  individual  must  pass  through  this  series  of  forms  in 
the  course  of  his  embryonic  evolution,  was  first  explained 
to  118  by  the  Theory  of  Descent  of  Lamarck  and  Darwin. 
From  this  theory  we  firat  learn  the  efficient  causes  {cavaa 
efficientes)  of  individual  evolution ;  by  the  aid  of  this  theory 
we  first  perceive  that  such  mechanical  causes  alone  snfEa; 
to  effect  tlie  evolution  of  the  individual  oi^aniara,  i 
that  the  co-operation  of  designing,  or  teleological  caw 
{causa  finaUa),  wliich  were  formerly  univorsally  assuin 
is  unneceseaiy.  Of  course,  these  final  causes  still  play  an 
important  part  in  the  prevailing  school-philosophy ;  but  in 
our  new  natural  philosophy  we  are  enabled  to  replace  thoi 
entirely  by  the  efiicient  causea 

I  allude  to  this  matter  at  this  early  stage,  in  order  I 
call  attention  to  one  of  the  most  important  advances  made  i™ 
any  branch  of  human  knowledge  during  the  past  t«n  years, 
TUe  history  of  philosophy  shows  that  in  the  cosmology  of 
our  day,  as  in  that  of  antiquity,  final  causes  are  almost 
universally  deemed  to  be  the  real  ultimate  causes  of  the 
phenomena  of  organic  life,  and  especially  those  of  the  Uf« 
of  man.  The  prevailing  Doctrine  of  Design,  or  Teleology, 
assumes  that  the  phenomena  of  organic  life,  and  in  particular 
those  of  evolution,  are  explicable  only  by  purposive  cause 
and  that,  on  the  contrary,  they  in  no  way  admit  i 
mechanical  explanation,  that  is,  one  entirely  based 
natural  science.  The  most  difficult  problems  in  this  r 
which  have  been  before  us,  and  wliich  seemed  cape 
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wlut'ion  only  by  means  of  Teleology,  are,  however,  precisely 
tiiose  which  have  been  mechanically  solved  in  the  Theory 
of  Descent.  The  reconstruction  of  the  history  of  the  evolu* 
tion  of  man,  which  this  theory  has  effected,  has  actually 
removed  the  greatest  difficulties.  We  shall  see  in  the 
course  of  our  inquiries  how,  through  Darwin's  reform  of 
the  Doctrine  of  Evolution,  the  most  wonderful  problems, 
hitherto  deemed  unapproachable,  of  the  organization  of 
man  and  animals  have  admitted  of  a  natural  solution,  of  a 
mechanical  explanation,  by  non-purposive  causes.  It  has 
enabled  us  to  substitute  everywhere  unconscious  causes 
acting  from  necessity,  for  conscious  purposive  causes.^^ 

K  the  recent  progress  in  the  Doctrine  of  Evolution  had 
accomplished  only  this,  every  thoughtful  person  must  have 
admitted  that  even  in  this  an  immense  advance  had  been 
made  in  knowledge.  In  consequence  of  it,  the  tendency 
called  unitary  or  monistic,  in  contradistinction  to  the  dual- 
istic,  or  binary,  which  has  heretofore  prevailed  in  speculative 
philosophy,  must  ultimately  prevail  throughout  philosophy .^^ 
This  is  the  point  at  which  the  history  of  the  evolution  of 
man  at  once  penetrates  deeply  into  the  very  foundations 
of  philosophy.  For  this  reason  alone  it  is  very  much  to  be 
desired,  in  fact  is  indispensable,  that  any  one  who  aspires  to 
philosophic  cidture  should  learn  the  most  important  facts  Id 
this  field  of  research. 

The  significance  of  the  facts  of  Ontogeny  is  so  great  and 
so  evident  that  the  dualistic  teleological  philosophy,  finding 
them  extremely  inconvenient,  has  of  late  endeavoured  to 
meet  them  by  simple  denial  Such,  for  instance,  has  been 
the  case  with  the  fact  that  every  human  being  develops 
from  an  egg,  and  that  this  egg  is  a  simple  cell,  like  the  egg- 
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cell  of  all  other  animals,  WhenmiQy"Hi8tory  of  Creation" 
I  had  discussed  this  fundamental  fact,  and  Lad  directed 
attention  to  its  immense  significance,  several  theological 
[■"eriodicals  pronounced  it  a  malicious  invention  of  my  ova. 
The  evident  fact  that  at  a  certain  stage  of  their  evolutimi 
the  embryos  of  Man  and  of  the  Dog  aie  entirely  in- 
distinguishable from  one  another  was  also  denied. 

The  fact  la  that  an  examination  of  the  human  embryo  in 
the  third  or  fourth  week  of  its  evolution  shows  it  to  be 
altogether  differL'nt  from  the  fully  developed  Man,  and  that 
it  exactly  corresponds  to  the  undeveloped  embryo-fc 
presented  by  the  Ape,  the  Dog,  the  Rabbit,  and  otl 
Mammals,  at  the  same  stage  of  their  Ontogeny,  At  tl 
stage  it  is  a  bean-shaped  body  of  very  simple  structure^ 
with  a  tail  behind,  and  two  pairs  of  paddles,  resembling  th» 
fins  of  a  fish,  and  totally  dissimilar  to  the  limbs  of  man  and 
other  mammals,  at  the  sides.  Nearly  the  whole  of  the  front 
half  of  tlie  body  consists  of  a  shapeless  head  without  a  face^ 
on  the  sides  of  which  are  seen  gill-fissures  and  gill-arches 
.as  in  Fishes.  (Cf  Plate  VII.  at  the  end  of  Chapter  XL) 
In  this  stt^  of  evolution  the  human  embryo  differs  in  no 
essential  way  from  the  embryo  of  an  Ape,  Dog,  Horse,  Ox, 
etc.,  at  a  corre-iponding  age.  Even  such  facts  as  these, 
which  can  be  easily  and  promptly  demonstrated  at  any  time 
by  placing  side  by  side  the  corresponding  embrj'os  of  Man, 
a  Dog,  a  Horse,  etc,,  have  been  spoken  of  by  theologians 
and  teleological  philosophers  as  inventions  of  materialism ; 
and  even  naturalists,  who  were  presumably  acquainted  with 
them,  have  tried  to  deny  them.  No  stronger  proof,  Rurcly, 
of  the  immense  radical  importance  of  these  embryolo 
'(act£  in  favour  of  the  monistic  pliiloeopby  can  be  given 
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these  efforts  on  the  part  of  the  dualistic  school  to  meet  them 
by  simple  denial  or  utter  silence.  They  are  indeed 
extremely  distasteful  to  that  school,  and  are  totally 
irreconcilable  with  their  teleological  cosmology.  We  must 
therefore  take  especial  care  to  place  them  in  their  true  light. 
We  are  entirely  of  the  opinion  of  Huxley,  who,  in  his  able 
"  Evidence  as  to  Man's  Place  in  Nature,''  says  that  these 
facta,  "  though  ignored  by  many  of  the  professed  instructors 
of  the  public  mind,  are  easy  of  demonstration,  and  are 
universally  agreed  to  by  men  of  science;  while  their 
significance  is  so  great,  that  whoso  has  deeply  pondered 
over  them  will,  I  think,  find  little  to  startle  him  in  the 
other  revelations  of  Biology." 

Although  our  chief  inquiry  is  primarily  directed  to  the 
history  of  the  evolution  of  the  bodily  form  of  Man  and  of 
his  organs,  and  to  their  external  and  internal  structural 
relations,  I  must  here  at  once  observe  that  the  history  of 
the  evolution  of  the  fimctions  is  inseparably  connected  with 
thia  Everywhere  in  Anthropology,  just  as  in  Zoology,  of 
which  the  former  is  but  a  part,  and  throughout  the  whole 
field  of  Biology,  these  two  branches  of  research  are  thus 
inseparably  connected.  The  peculiar  form  of  the  organism 
and  its  oi)2;ans,  both  internal  and  external,  is  always  closely 
related  to  the  peculiar  manifestations  of  life,  of  the  organism 
and  its  organs,  or,  in  other  words,  to  the  physiological  func- 
tions performed  by  these.  This  intimate  relation  between 
form  and  function  is  also  shown  in  the  evolution  of  the  organ- 
ism and  its  various  parta  The  history  of  the  evolution  of 
forms,  which  primarily  occupies  us,  is  at  the  same  time  the 
history  of  the  evolution  of  functions ;  and  this  is  equally 
true  of  the  human  and  of  all  other  orj^anisuia 
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But  I  must  here  add  at  once,  that  our  knowledge  of  t>h« 
evolution  of  functions  is  as  yet  far  from  being  so  advanced 
as  our  knowledge  of  the  evolution  of  forms.  Indeed,  properly 
speaking,  the  entire  history  of  evolution,  or  Biogeny,  includ* 
ing  both  Ontogeny  and  Phylogeny,  has  as  yet  been  almost 
exclusively  a  history  of  the  evolution  of  forms,  while  the 
Biogeny  of  functions  hardly  exists  even  in  name.  The  fault 
lies  solely  with  Physiology,  which  has  as  yet  scarcely  given 
a  thought  to  the  history  of  evolution,  which  it  has  left 
entirely  to  the  care  of  Morphology. 

The  two  chief  divisions  of  biological  research — ^Mor- 
phology and  Physiology — have  long  travelled  apart,  taking 
diSerent  paths.  This  is  perfectly  natural,  for  the  aims,  as 
well  as  the  methods,  of  the  two  divisions  are  different 
Morphology,  the  science  of  forms,  aims  at  a  scientific  under- 
standing of  organic  structures,  of  their  internal  and  external 
proportions  of  form.  Physiology,  the  science  of  functions, 
on  the  other  hand,  aims  at  a  knowledge  of  the  functions 
of  organs,  or,  in  other  words,  of  the  manifestations  of  life." 
Physiology,  however,  has,  especially  during  the  last  twenty 
years,  been  far  more  one-sided  in  its  progress  than  Mor- 
phology. Not  only  has  it  entirely  neglected  to  apply  the 
comparative  method,  by  which  Morphology  has  gained  its 
greatest  results,  but  it  has  altogether  disregarded  the  History 
of  Evolution.  Hence  it  has  come  to  pass  that,  within  the 
past  few  decades,  Morphology  has  advanced  far  beyond 
Physiology,  although  the  latter  is  pleased  to  look  haughtily 
down  upon  the  former.  It  is  Morphology  which  has  gauied 
the  greatest  results  in  the  fields  of  Comparative  Anatomy 
and  Biogeny,  and  almost  everything  stated  in  these  pages 
as  to  the  History  of  the  Evolution  of  Man,  is  due  to  the 
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exertions  of  morphologlsts,  and  not  of  physiologists.  Indeed 
the  direction  at  present  taken  by  Physiology  is  so  one- 
sided that  it  has  even  neglected  the  recognition  of  the  most 
important  functions  of  Evolution,  namely,  Heredity  and 
Adaptation,  and  has  left  this  entirely  physiological  task  to 
morphologists.  We  owe  to  morphologists,  and  not  to  physi- 
ologists, nearly  all  that  we  yet  know  of  Heredity  and 
Adaptation.  The  latter  still  works  as  little  at  the  functions 
of  evolution  as  at  the  evolution  of  the  functiona 

It  will,  therefore,  be  the  task  of  a  future  Physiogeny  to 
grasp  the  history  of  the  evolution  of  the  functions  with  tlie 
same  earnestness^  and  with  the  same  success,  with  which 
Morphogeny  has  long  ago  undertaken  the  study  of  the  history 
of  the  evolution  of  forms.  A  few  instances  will  show  how 
closely  the  two  are  connected.  The  heart  of  the  human 
embryo  has  at  first  a  very  simple  structure,  such  as  appears 
permanently  only  in  Ascldians  and  other  inferior  Worms, 
and  connected  with  it  is  a  circulation  of  the  blood  ol 
the  most  simple  kind.  When,  on  the  other  hand,  we  see 
that  with  the  fully  developed  form  of  the  human  heart  there 
is  connected  a  function  of  the  circulation  of  the  blood  totally 
different  from  the  former  one,  and  far  more  complicated,  the 
study  of  the  evolution  of  the  heart  necessarily  enlarges 
from  a  task  which  was  originally  morphological  to  one 
which  is  physiological  also.  It  is  the  same  in  the  case  of 
all  other  organs  and  their  activities 

Thus,  for  instance,  a  careful  comparative  study  of  the 
history  of  the  evolution  of  the  form  of  the  intestinal  canal, 
the  longs,  and  the  organs  of  generation,  affords  us  also  most 
important  information  as  to  the  evolution  of  the  respective 
fonctionfl  of  these  organa 
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This  important  relation  is  most  clearly  seen  in  t}M> 
history  of  the  evolution  of  thfi  nervous  system.  In  tlia 
economy  of  the  human  body,  this  system  performs  the  fune*' 
tions  of  sensation,  of  voluntary  movement,  volition, 
fin&lly  the  Iiighest  psychical  functions,  namely,  those  of 
thought ;  in  a  word,  every  one  of  the  various  activities  whiclS 
constitute  the  special  subject  of  Psychology,  or  the  scienel 
of  the  mind.  Modem  Anatomy  and  Physiologj-  have  demon- 
strated that  these  functions  of  the  mind,  or  psychic  activitiefl 
are  immediately  dependent  upon  the  more  delicate  structtu 
of  the  central  ner\*ouB  system,  upon  the  internal  conclitionl 
of  the  form  of  the  brain  and  the  spinal  marrow.  Hert 
are  placed  the  extremely  complex  mechanism  of  cells,  whoM 
physiological  function  constitutes  the  mind-life  of  Man^ 
It  is  so  complex  that  to  most  people  its  function  appeail 
to  be  sometliing  supernatural,  and  incapable  of  mechanic! 
explanation.  But  the  history  of  the  evolution  of  the  a 
dividual  furnishes  us  with  the  most  surprising  and  signf 
ficant  information  as  to  the  gradual  origin  and  progrcssirl 
formation  of  this  most  important  system  of  organs.  For  tbfl 
fii-st  rudiment  of  the  central  ner\-ous  system  in  the  humaij 
embryo  makes  its  appearance  in  the  same  most  simple  ion*) 
in  which  Ascidians  and  other  inferior  Worms  retain  i 
throughout  life.  A  perfectly  simple  spina)  marrow,  withonl 
brain,  such  as  throughout  its  existence  represents  the  org 
of  the  mind  of  the  Amphioxus,  the  lowest  of  Vertehrateai 
&'st  develops  from  this  rudiment.  It  is  only  at  a  latei 
]>eriod  that  a  brain  develops  from  the  anterior  extremib] 
of  this  spinal  cord,  and  this  brtiin  is  of  tlie  simplest  forti 
similar  to  the  permanent  form  of  this  organ  in  the  lowt 
Fishes,  Step  by  step  this  simple  bmin  develops  stt 
further,  passing  through  forms  corresponding  to  those  ( 
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the  Amphibia,  Beaked  Animals  {Omithostoma),  Pouched 
Animals,  or  Marsupials,  and  Semi-apes  {ProaimicB)^  untU  the 
highly  organized  form  is  reached  which  distinguishes  the 
Apes  from  all  other  Vertebrates,  and  which  finally  attains 
its  highest  development  in  the  human  brain.  But  step  by 
step  with  this  progressive  evolution  of  the  form  of  the 
brain,  the  evolution  of  its  peculiar  function,  the  psychical 
activities,  moves  on  hand  in  hand,  and  it  is  therefore  the 
history  of  the  evolution  of  the  central  nervous  system  which 
for  the  first  time  enables  us  to  understand  the  origin  of  life 
of  the  human  mind  from  natural  causes,  and  the  gradual 
historic  development  of  the  psychic  activities  of  man.  It  is 
impossible  without  the  aid  of  Ontogeny  to  perceive  how 
these  highest  and  most  brilliant  functions  of  the  animal 
organism  have  been  historically  developed.  In  a  word,  the 
history  of  the  evolution  of  the  spinal  marrow  and  the  brain 
of  the  human  embryo  at  the  same  time  directly  leads  us 
to  understand  the  Phylogeny  of  the  human  mind,  that  most 
sublime  activity  of  life  which  in  the  developed  human  being 
we  are  accustomed  to  regard  as  something  wonderful  and 
BupematuraL 

There  is  no  doubt  that  this  special  result  of  the  study 
of  the  history  of  evolution  is  among  the  greatest  and  most 
important.  Happily,  our  knowledge  of  the  Ontogeny  of  the 
central  nervous  system  of  Man  is  so  satisfactory,  and  agrees 
flo  perfectly  with  the  supplementary  results  of  Comparative 
Anatomy  and  Physiology,  that  it  affords  us  a  perfectly 
dear  insight  into  one  of  the  highest  problems  of  philosophy, 
namely,  the  Phylogeny  of  the  psyclie,  the  mind,  or  the 
history  of  the  ancestral  lineage  of  Man's  psychic  activities, 
and  leads  us  into  the  only  path  by  which  we  sliall  ever  be 
ablo  to  solve  this  the  highest  of  all  problema 
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List  of  the  principal  branches  of  Biooent,  or  the  Histort  of  OmoANic 
Etolution,  with  reference  to  the  fonr  chief  stages  of  Organio  Li- 
dividnality — Cell,  Organ,  Person,  and  Bace.'* 


first  br«ich  of  Biogeny, 
or  of  th«  history  of  th« 
erolntlon  of  orpmismB: 
Obrm-Uistost.  or  Od- 
togcny  (history  of  the 
development  of  the 
embryo  of  the  in- 
dividiul  orfsnism). 


1.  Genn-hlstory  of 

Forms. 

{Morphogtnjf.) 


Oenn-hl>tory  of 

Functions. 
{I'hytiogtny  ) 


^1.  Qerm-bistory  of  the  cells  (sod  ^ytods) 
snd  of  the  tissues  oomposed  of  the  oeUs. 
Hi^ogeny, 

2.  Germ-historr  of  the  organs,  sod  of  ths 
systems  and  sppsratos  oomposed  of  the 
organs.     Organogeny. 

3.  Germ-history  of  the  persons  (called 
**the  history  of  the  eTolotioQ  of  bodily 
form ").    BUutoffcny, 

4.  Germ-hisory  of  races  (or  of  sodsl 
AgRr^gates  composed  of  persons:  f^ 
mi  lies,  commonities,  iUtea,  etc.  Cbr- 
wu)ffeny. 


The  germ-history  of  the  ftiocUoas  or  the 
history  of  the  development  of  Tital 
activities  in  the  individual,  has  not  jH 
been  accurately  and  sdeuiifically  ha- 
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Second  branch  of  Diofreny, 
or  of  the  history  uf  the 
erolutlon  of  org.i>  i^mH: 
1'ribal  HiSTOttT,  or 
Phylogny  (history  of 
the  paUeuntological  evo- 
lution of  o.  ganic 
spedes). 


3.  Tribal  history 
of  Forms. 
{Morphopkyly.) 


I.  Tribal  history 

of  Functiuns. 
(^Pkysiophyly.) 


(\,  Tribal  history  of  the  cells  (hardly  At- 
tempted as  yet).    Bistopkyly. 

2.  Tribal  history  of  organs  (an  unrecof- 
nized  main  object  of  comparative  ana- 
tomy).   Organcphyly. 

-^  3.  Tribal  history  of  peisons  (an  unrecog)- 
nizid  main  object  of  the  nstnral  syslcas 
of  classification).    BkuU^yly. 

A.  Tribal  history  of  races  (or  of  sodal 
>£!^rrgates  composed  of  persons:  &• 
mi  lies,  commuuidei^  states^  etc.  Cbr* 
tuopkyly. 


/The  tribal  history  of  the  fbnctlont,  or  ths 
bistoiy  of  the  palcontological  develop* 
ment  of  vital  activities,  has,  in  the  case 
of  most  organisms,  not  yet  been  ex- 
smlned.  In  the  esse  of  msn,  s  larfi 
I  ait  of  the  history  of  caUure  iaUs 
thisbesd. 


CHAPTER  II. 

THE  EARLIER  HISTORY  OF  ONTOGENY. 

Cabpab  Fribdricb  Wolff. 

Thtt  ETolufcion  of  Animals  as  known  to  Aristotle. — His  Knowledge  of  the 
Ontogeny  of  the  Lower  Animals. — Stationary  Coudition  of  the  Bcieu. 
tifio  Stndy  of  Nature  dnring  the  Christian  Middle  Ages. — First  Awaken, 
ing  of  Ontogeny  in  the  Beginning  of  the  Seventeenth  Centnry.— Fa- 
brioioB  ab  Aqoapendente. — Harvey. — Marcello  Malpighi. — Importance 
of  the  Incubated  Chick. — The  Theories  of  Pre-formation  and  Encase- 
ment (Evolution  and  Pte-delineation). — Theories  of  Male  and  Female 
Encasement. — Either  the  Sperm-animal  or  the  Egg  as  the  Pre -formed 
Individual. — Animaloulists :  Leeuwenhoek,  Hartsoeker,  Spallanzani.— 
Omlista :  Haller,  Leibnitz,  Bonnet. — Victory  of  the  Theory  of  Evolution 
owing  to  the  Authority  of  Haller  and  Leibnitz. — Caspar  Friedrich  Wolff. 
— HiB  Fate  and  Works. — The  Theoria  Qenerationis, — Be.formation,  or 
EpigenesiB. — ^The  History  of  the  Evolution  of  the  Intestinal  Canal. — 
The  Foundations  of  the  Theory  of  Germ  .layers  (Four  Layers,  or  Leaves). 
—The  Metamorphosis  of  Plants. — The  Germs  of  the  Cellular  Theory. 
— WoUTs  Monistic  Philosophy. 

**  He  who  wishes  to  explain  Generation  must  take  for  his  theme  the 
organic  body  and  its  constituent  parts,  and  philosophize  about  them ;  he 
must  show  how  these  parts  originated,  and  how  they  came  to  be  in  that  rela- 
tion in  which  they  stand  to  each  other.  But  he  who  learns  to  know  a  thing 
not  only  directly  from  its  phenomena,  but  also  its  reasons  and  causes ;  and 
who,  therefore,  not  by  the  phenomena  merely,  but  by  these  also,  is  compelled 
to  Bay :  'The  thing  must  be  so,  and  it  caimot  be  otherwise ;  it  is  necessarily 
ul  such  a  character  {  it  must  have  such  qualities ;  and  it  is  impossible  for 
it  to  possess  others' — nnderstaiids  the  thing  not  only  historically  but 
truly  philosophically,  and  he  has  a  philosophic  knowledge  of  it     Oar  own 
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Theory  of  Ghmeration  is  to  be  snch  a  philosopliic  oomprehenskm  of  an  oigmle 
body,  very  different  from  one  merely  hiBtoricaL"— Caapae  Fbibokicu  Woltf 
(1764). 

In  approaching  each  science  it  is,  in  several  respects,  pro- 
fitable to  glance  at  the  course  of  its  evolution  Thc^  well- 
known  principle  that  **  whatever  has  come  into  being  can 
only  be  known  from  the  process  by  which  it  came  into 
being"  is  applicable  to  scienca  By  tracing  its  gradual 
development,  we  shall  most  clearly  perceive  its  tasks  and 
aims.  We  shall  also  find  that  the  present  condition  of  the 
History  of  the  Evolution  of  Man,  with  all  its  peculiar  cir- 
cumstances, can  only  be  properly  understood  by  taking  into 
consideration  the  history  of  the  evolution  of  the  science 
itself.  The  examination  will  not  detain  us  long;  for  the 
History  of  the  Evolution  of  Man  is  one  of  the  very  youngest 
of  the  Natural  Sciencea  This  is  equally  true  of  its  two 
divisions :  the  History  of  the  Germ,  or  Ontogeny,  and  the 
History  of  the  Tribe,  or  Phylogeny. 

Passing  over  such  most  ancient  germs  of  the  science  as 
are  found  in  classical  antiquity,  and  which  we  shall  have 
to  discuss  presently,  the  true  History  of  the  Evolution  of 
Man,  as  a  science,  really  begins  in  the  year  1759,  when 
Caspar  Friedrich  Wolff,  one  of  the  most  eminent  of  German 
naturalists,  published  his  Theoria  Gencvationia,  This  was 
the  first  foundation-stone  for  a  true  history  of  animal 
germs.  In  1809,  exactly  fifty  years  later,  Jean  Lamarck 
published  the  Philosophic  Zoologique,  the  first  attempt  at  a 
History  of  Descent ;  and  in  1859,  another  half  century  later, 
appeared  Darwin's  work,  which  must  be  regarded  as  the 
first  to  give  a  scientific  basis  to  that  attempt  But^  before 
carefully  examining   this  as  the   real    foundation  of  the 
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History  of  the  Evolution  of  Man,  we  must  rapidly  glance  at 
the  great  philosopher  and  naturalist  of  antiquity,  who,  in 
this  as  well  as  in  all  other  branches  of  research  in  Natural 
Science,  stands  quite  alone  for  a  period  of  more  than  two 
tVoufland  yeara  This  was  Aristotle,  "the  Father  of  Natural 
Hibtoiy." 

Among  the  extant  writings  of  Aristotle  on  Natural 
History,  treating  of  various  aspects  of  biological  research, 
and  the  most  important  of  which  is  the  History  of  Animals, 
there  occurs  also  a  smaller  work,  specially  confined  to  the 
History  of  Evolution.  It  is  entitled  Peri  Zoon  Oeneseoa 
("On  the  Generation  and  Development  of  Animals").^* 
This  work  is  of  great  interest,  if  merely  because  it  is  the 
most  ancient,  and  the  only  one  of  its  kind,  which  has 
reached  us  from  classical  antiquity  in  a  fairly  complete 
condition.  It  is  important  also  because,  like  others  of 
Aristotle's  writings  on  subjects  of  Natural  History,  it 
entirely  controlled  the  science  for  two  thousand  years.  The 
philosopher  was  a  careful  observer  and  an  ingenious 
thinker ;  yet,  while  his  importance  as  philosopher  has  never 
been  doubted,  his  merits  as  an  observant  naturalist  have 
only  lately  been  duly  appreciated.  Those  students  of 
Nature  who  have  lately  more  accurately  examined  his 
writings  on  Natural  History,  have  been  astonished  at  the 
mass  of  interesting  statements,  and  the  remarkable  observa- 
tions which  abound  in  them.  With  regard  to  the  History 
of  Evolution,  it  is  specially  noticeable  that  Aristotle  traced 
it  in  the  most  diverse  classes  of  animals,  and  that  he  was 
acquainted,  especially  in  connection  with  the  lower  animals, 
with  several  of  the  most  remarkable  facts  which  we  have 
re-discovered  only  towards  the  middle  of  the  present 
century.        . 
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It  is  certain,   for   example,   tliat  he   was    thorotigl 
acquainted  with  the  entirely  peculiar  method  of  propag&tit 
and  development  of  the  Cuttle-fishes,  or  Cephalapoda, 
embryo  of  which  has  a  bag  of  yelk  protruding  &om 
mouth.     He  knew,  also,   that   embr^'os  of   BeeB    can 
developed  from  the  egg  even  when  it  has  not  been  fertili 
The  so-called   parthenogenesis,  or   virginal  generation. 
Bees  has  been  proved   in   our  days   only   lately   by 
meritorious  zoologist,  Siebold,  of  Munich,  who  also  sho' 
that  male  Bees  develop  from  unimpregnated,  and 
bees    only    from    impregnated   eggs.'"      Ai-lstotle 
relates   that  some   Fishes   (of  the   species   Seiranus) 
hermaphrodites,   inasmuch   as    each    individual   has 
and  female  organs,  and  impregnates  itself     This  fact,  aim), 
has  only  lately  been  established.     He  also  knew  that  the 
embrj'os  of  several  species  of  Sharks  are  connected  wil 
the  mother's  womb  by  a  sort  of  placenta — an   organ 
nourishment,  full  of  blood,  which   otherwise   occurs  oi 
in  Man  and  the  higher  Mammals.     This  placenta  of 
Shark  was  for  a  long  time  considered  mythical,  until, 
1S39,  Johannes  MiiUer,  of  Berlin,  proved  it  to  be  a  fa 
We  might  quote  many  other  remarkable  observations  from 
Aristotle's  account  of  Evolution,  which  would  prove  th» 
accuracy  of  this  great  naturalist's  acquaintance  with  onto- 
genetic investigations,  and  the  great  degree  in  which 
was  in  advance  of  subsequent  timee  in  this  respect. 

In  most  of  his  observations  he  was  not  satisfied 
merely  stating  the  facta,  but  he  added  reflections  on  thi 
significance.  Some  of  these  theoi'etical  thoughts  are 
special  interest,  because  they  indicate  a  right  fundameol 
perception  of  the  nature  of  the  processes  of  evolution. 
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conceives  the  evolution  of  the  individual  to  be  a  new 
formation,  in  which  the  several  parts  of  the  body  develop 
one  after  the  other.  According  to  him,  when  the  human 
or  animal  individual  develops,  either  within  the  mother's 
body  or  out  of  it  in  the  egg,  the  heart  is  formed  first,  and 
is  the  beginning  and  the  centre  of  the  body.  After  the 
heart  has  been  formed,  the  other  organs  appear ;  of  these 
the  interior  precede  the  exterior,  and  the  upper,  or  those 
above  the  diaphragm,  precede  the  lower,  or  those  below  it. 
The  brain  is  formed  at  a  very  early  stage,  and  out  of  it 
grow  the  eyes.  This  assertion  is,  indeed,  quite  accurate.  On 
trying  to  obtain  from  these  statements  of  Aristotle  an  idea 
of  his  conception  of  the  processes  of  evolution,  we  find  that 
they  indicate  a  faint  presentiment  of  that  theory  of  evolution 
which  is  now  called  Epigenesis,  and  which  Wolff,  some  two 
thousand  years  later,  first  proved.  It  is  especially  remark- 
able that  Aristotle  altogether  denied  the  eternity  of  the 
individual  He  admitted  that  the  kind  or  species,  formed 
from  individuals  of  the  same  kind,  might  possibly  be 
eternal ;  but  asserted  that  the  individual  itself  was  tran- 
sienty  that  it  came  into  being  anew  in  the  act  of  genera- 
tion,  and  perished  at  death. 

During  the  two  thousand  years  after  Aristotle  no 
essential  progress  in  Zoology  in  general,  or  in  the  History  of 
Evolution  in  particular,  is  to  be  recorded.  People  were 
content  to  expound  Aristotle's  zoological  writings,  to  copy 
them,  to  deface  them  greatly  by  additions,  and  to  translate 
them  into  other  languagea  There  was  hardly  any 
independent  research  during  this  long  period.  During  the 
Middle  Ages  of  Christianity,  when  insurmountable  obstacles 
were    laid    in    the   way    of    independent   researches    in 
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n&tural  science  by  the  development  and  diiBi^n 
influential  conceptions  of  faith,  a  re-commencement 
biological  researches  waa  especially  out  of  the  question.' 
Even  when,  in  the  sixteenth  century,  human  Anatomy 
again  began  to  be  studied,  and  independent  investigations 
of  the  structure  of  the  body  of  the  developed  human  being 
were  again  first  made,  anatomists  dared  not  extend  their 
investigations  into  the  condition  of  the  yet  undevelopt 
human  body,  into  the  formation  and  development  of 
embryo. 

The  prevailing  fear  of  such  researches  was  due  to 
several  causea  This  seems  but  natural  when  we  remember 
that  by  the  bull  of  Pope  Boniface  VIIL  greater  excom- 
munication was  pronounced  against  all  who  dared  to  dis- 
member a  human  corpse.  While  anatomical  investiga- 
tion of  the  developed  human  bo<ly  was  a  crime  whicli 
drew  down  the  curse  of  the  Church,  it  is  evident  that  thfl 
examination  of  the  body  of  the  child,  bidden  in  thfl 
mother's  womb,  and  which  the  Creator  himself  secmet^ 
by  its  concealed  position,  to  have  intentionally  withdrawn 
from  the  curious  gaze  of  naturalists,  would  have  appeared 
much  more  crimiDal  and  impious.  The  omnipotence  of 
the  Christian  Church,  which  at  that  time  caused  many 
thousands  to  be  executed  and  burned  for  heresy,  and  which 
even  then  with  correct  instinct  foresaw  danger  threatei 
to  itself  from  the  deadly  enemy  which  was  then 
up  in  Natural  Science,  took  care  that  the  latter  shoi 
not  make  too  rapid  strides. 

It  was  only  when  the  Reformation  broke  the 
embratung  power  of  the  Only-Saving  Church,  and  a 
and  fresh    intellectual  impulse  began   to   release  enslai 
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science  from  Uie  iron  chains  g(  dogmatism,  that  human 
Anatomy  and  the  History  of  the  Evolution  of  Man  could 
move  again  more  freely,  with  the  re-opening  of  research  in 
other  natural  sdencea  But  Ontogeny  remained  far  behind 
Anatomy,  and  it  was  only  in  the  beginning  of  the  seven- 
teenth century  that  the  first  ontogenetic  publications 
appeared.  The  first  to  begin  was  the  Italian  anatomist, 
Fabridus  ab  Aquapendente,  Professor  at  Padua,  who  pub- 
lished two  works — De  Formato  Fcetu  (1600),  and  De 
FormatioTie  Foetus  (1604), — which  contain  the  oldest 
figures  and  descriptions  of  the  embryo  of  Man  and  other 
Mammals,  and  also  of  the  Chick.  Similar  imperfect 
representations  were  given  soon  after  by  Spigelius — De 
Formato  FoUu  (1631) — by  the  Englishman,  Needham 
(1667),  and  his  celebrated  countryman,  Harvey  (1652).  The 
latter  discovered  the  circulation  of  the  blood  in  the  animal 
body,  and  made  the  important  assertion :  Omrie  viw/m  ex 
ovo  ("Everything  living  comes  from  an  egg").  The  Dutch 
naturalist,  Swammerdam,  in  his  "Bible  of  Nature,"  pub- 
lished the  resultB  of  the  first  investigations  into  the 
embryology  of  the  Frog,  and  the  so-called  segmentation  of 
its  yelk.  The  most  important  ontogenetic  researches  of  the 
seventeenth  century,  however,  were  those  of  the  Italian, 
Marcello  Malpighi  of  Bologna,  who  gave  a  fresh  impetus 
both  to  Zoology  and  to  Botany.  His  two  dissertations,  De 
Formatione  Ptdli,  and  De  Ovo  Incuhato  (1687),  contain  the 
first  connected  description  of  the  history  of  the  development 
of  the  chick  in  the  incubated  egg. 

Here  I  must  make  some  remarks  on  the  great  importance 
of  the  (Thick  in  relation  to  our  science.  The  history  of  the 
formation  of  a  Chick,  as  well  as  of  all  birds,  accurately 
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coirespondB  in  its  essential  cbaracterlitics  with  tl\at  of  ftll 
other  higher   Vertebrates ;   and,   therefore,   also    of   Maa. 
The  three  higher  classes  of  Vertebrat«s,  Mammals,  Birds, 
and  Reptiles  (Lizards,  Snakes,  Turtles,  eta),  are  from  the 
beginning  of  their  individual  development  so  surprisingly 
similar  in  all  essential  features  of  their  bodily  structui 
especially  in  the  earlier  stages,  that  for  a  long  while  it  jA 
impossible  to  distinguish  them.     (Cf  Plates  VI.  and  VILh 
It  has  long  been  knowTi  that  the  accurate  study  of  t 
evolution  of  the  embryo  of  the  Bird,  which  is  most  r 
obtained  as  the  subject  of  research,  is  all  that  is  neeess 
in  order  to  learn  the  essentially  similar  mode  of  evolutiot 
of  Mammals,  therefore  also  of  Man.     Even  as  early  as  ihai 
middle  and   the   end    of   the   seventeenth   century,   when 
human   embrj'os,  as  well  as  those  of  all  other  Mammals, 
began   to  he  examined   in  their  earlier  stages,  this  i 
important  fact  was  soon  recognized.     It  is  of  the  greate 
importance,  both  for  theoretical  and  for  practical  purf 
Conclusions  of  the  highest  importance   to  the   theory   of" 
evolution  may  be  drawn  from  the  similarity  of  structure 
of  the  embryos   of  widely  differing  animals.     This   simi- 
larity   IS    invaluable    in    practical    ontogenetic     rese 
becanse  the  ontogeny  of  Birds,  which  is  accurately  1 
most  completely  supplements  and  explains  the  embr 
of  Mammals,   which    has  been    but   imperfectly    studi 
Hen'a  eggs  can  be  obtained  at  all  times  and  in  any  qui 
tity,  and  by  hatching  them   artificially   the   evolution  i 
the  embryo   may  bo   traced   step  by  step.     On   the  otli 
hand,  it  is  much  more  diflicult  to  study  the  evolution  i 
Mammals,  because  the  embryo  of  these  does  not  develdj 
in  a  large  egg  that  has  been  laid,  or,  in  other  words,  in  A 
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independent  and  isolated  body,  but  in  a  small  egg,  which, 
until  maturity,  remains  enclosed  and  concealed  in  the  body 
of  the  mother.  For  this  reason  it  is  very  difficult  to  pro- 
cure all  the  stages  of  development  in  any  large  nimiber, 
for  the  purpose  of  making  connected  investigations,  not 
to  mention  external  reasons,  such  as  the  great  cost,  the 
technical  difficulties,  and  the  many  other  obstacles,  which 
lie  in  the  way  of  any  extended  series  of  researches  into 
fecundated  mammal&  For  this  reason,  from  that  time  to 
the  present  day,  the  Chick  during  the  process  of  incubation 
has  been  the  subject  oftenest  and  most  closely  investigated. 
The  perfection  of  hatching-machines  has  made  it  yet  easier 
to  obtain  embryo-chicks  in  any  requii^ed  stage  of  evolution 
and  in  any  quantity,  in  order  to  examine  the  whole  process 
of  formation  step  by  step. 

About  the  end  of  the  seventeenth  century  the  histoiy  of 
the  evolution  of  the  inculmted  Chick  had  already  been 
advanced  as  far,  and  its  more  essential,  external,  and  less 
delicate  conditions  were  as  well  known,  owing  to  the 
labours  of  Malpighi,  as  investigations  with  the  imperfect 
microscopes  of  that  time  rendered  possible.  Of  course,  the 
perfection  of  the  microscope  and  of  technical  methods  of 
research  was  a  necessary  condition  for  more  accurate  em- 
bryological  research.  For  vertebrate  embryos  in  their 
earlier  stages  are  so  small  and  delicate,  that  it  is  impossible 
to  examine  them  without  a  good  microscope,  and  without 
applying  peculiar  technical  methoda  But  these  means 
were  not  applied,  and  the  microscope  was  not  essentially 
perfected  till  the  beginning  of  our  century. 

Throughout  the  whole  of  the  first  half  of  the  eighteenth 
eMitury,  during  which  time  the  systematic  Natural  History 
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of  animals  and  plants  received  so  great  an  impalae  from 
Linnfeua'  famous  SystcTTia  Natures,  the  History  of  Evolution 
made  scarcely  any  progress.  It  was  in  tlie  year  1759  that 
Caspar  Friedrich  Wolff  made  liis  appearance,  and  his  genius 
gave  an  entirely  new  direction  to  this  science.  Until  tlian 
Kmbiyology  was  almost  exclusively  occupied  in  UDSiiccessful 
attempts  to  construct  various  theories  of  evolution  from  the 
scanty  material  already  acquired. 

The  theory  which  at  that  time  gained  almost  univers 
acceptance,  and  which  continued  to  be  generally  receive! 
during  the  entire  eighteenth  century,  is  in  Germany  com 
monly  called  the  Theory  of  Unfolding  (Auawickelung),  i 
Evolution,  but  is  better  spoken  of  as  the  Theory  of  1 
formation.'^  Its  main  idea  is  the  following :  no  really  aew 
formation  takes  place  during  the  evolution  of  each  indi- 
vidual organism,  animal  or  plant,  including  therefore  Man : 
there  i»  only  a  growth  and  an  unfolding  of  parts,  all 
of  which  have,  from  eternity,  been  present,  pre-formed,  and 
complete,  though  only  very  minute,  and  wrapped  together. 
Every  organic  germ,  therefore,  contains  all  the  parts  and 
organs  of  the  body  pre-formed  and  represented  in  their 
subsequent  form,  position,  and  connection,  and  the  entire 
course  of  the  evolution  of  the  individual,  the  entire  onto- 
genetic process,  is  nothing  but  an  evolution  in  the  moal 
exact  meajiing  of  the  word ;  namely,  an  unwrapping  ot 
wrapped-up  parts  already  formed.  Hence,  for  example,  in 
a  hen's  egg  we  do  not  find  a  simple  cell  which  undergoes— 
division,  and  the  generation  of  cells  of  which  foiTu  layers  a 
genus,  and  by  various  changes,  separations,  and  new  tta 
mations,  ultimately  bring  into  being  the  body  of  the  ] 
but  every  ben's  egg  contains  from  the  beginning  a  comp] 
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Chick,  with  all  its  parts  pre-formed  and  wrapped  together, 
and  during  the  development  of  the  incubated  egg  these 
parts  are  merely  drawn  out  and  grow. 

As  soon  as  this  theory  was  carried  out  logically,  it 
necessarily  led  to  the  Theory  of  Encasement  According  to 
this,  every  species  of  animal  or  plant  was  originally  created 
only  as  a  pair  or  as  a  single  individual ;  but  this  one  indi- 
vidual already  contained,  encased  within  itself,  the  germs  of 
all  the  other  individuals  of  its  species  which  have  ever  lived 
or  will  liva  As  at  that  time  the  age  of  the  earth  was 
calculated,  according  to  the  Biblical  history  of  creation,  at 
five  or  six  thousand  years,  people  thought  they  could 
approximately  calculate  the  number  of  germs  of  every 
species  of  organism  which  had  lived  during  that  period,  and 
consequently  the  number  which  had  existed  encased  in  the 
first  "  created  **  individual  of  the  species.  The  theory  was 
logically  extended  to  mankind,  and  it  was  accordingly 
maintained  that  our  first  common  mother  Eve  held  in  her 
ovary  the  germs  of  all  the  children  of  men,  one  encased  in 
the  other. 

This  Theory  of  Encasement  was  then  developed  so  that 
the/nna20  individuals  were  considered  to  be  the  created 
beings  which  were  encased  one  in  another.  It  was  believed 
that  only  a  single  pair  of  each  species  was  originally 
ereated ;  but  the  ovary  of  the  female  individual  contained, 
encased  within  it,  all  the  germs  of  all  the  individuals  of 
the  kind,  of  both  sexes,  which  were  ever  to  develop.  But 
the  Theory  of  Pre-formation  took  quite  another  shape  when, 
in  1690,  Leeuwenhoek,  the  Dutch  microscopist,  discovered 
the  human  spermatozoids,  or  seminal  threads,  and  proved 
(hat  »  l&i^  number  of  extremely  delicate  and  acti\ely 
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moving  tlircada  exist  in  tlie  sperm  or  seminal  fluid  of  Urn 
male.  (Cf,  Fig.  17  in  Cliap,  VII.)  This  astonishing  discovery 
was  at  once  interpreted  to  the  effect  that  these  minute 
living  boilics,  briskly  swimming  about  in  the  seminal  fiuid, 
were  genuine  animals,  the  pre-formed  germs  of  futura 
generations.  When  at  the  time  of  fecundation  the  two 
generative  substances,  male  and  female,  came  in  contact 
with  each  other,  these  thread-like  seminal  animalcules  were 
to  penetrate  into  the  fruitful  soil  of  the  ovaiy  and  there  to 
attain  their  development  like  vegetable  seeds  in  the  fruitful 
soil  of  the  earth.  According  to  this  theory  every  single 
seminal  animalcule  of  Man  is  a  complete  human  being;  all 
the  separate  parts  of  the  body  would  be  entirely  pre-formed 
in  it,  and  subject  only  to  a  mere  unwrapping  and  enlargement 
as  soon  as  they  reached  the  favourable  matrix  of  the  female 
egg.  This  theoiy  also  was  logically  carried  out  to  the  effect 
that  in  every  single  thread-like  body  were  contained  all  th« 
subsequent  generations  of  its  descendents,  one  encased  in 
tlie  other,  each  in  the  most  extreme  degree  of  fineness,  and 
of  the  minutest  size.  The  seminal  gland  of  Adam,  therefore. 
contained  the  germs  of  all  the  children  of  men  who  have 
ever  peopled  our  planet,  who  inhabit  it  at  present,  or  i 
occupy  it  in  the  future  "  until  the  end  of  the  world." 

Of  course,  this  Doctrine  of  Encasement  in  the  Uale  t 
utterly  opposed  to  the  Doctrine  of  Encasement  in  the  Fern 
which  had  previously  prevailed.  The  only  ground  com 
to  both  was  tlie  false  idea  that  the  germs  of  innumeraU 
generations,  previously  formed  and  encased  one  in  another, 
existed  in  every  organism  ;  a  conception  on  whicb  was  also 
founded  the  curious  Prolepsia  Theory  of  Linmeoa. 

The  two  opposite  theories  of  encasement  soon  I 
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vigorous  contest,  which  resulted  in  the  division  of  the 
physiologists  of  the  eighteenth  century  into  two  large 
bodies  of  combatants,  entirely  opposed  and  contending 
vehemently.  These  were  the  Animalculists,  and  the  Ovn* 
list&  The  dispute  between  these  two  parties  appears 
laughable  to  us  now,  for  the  theory  of  the  one  is  just  as 
unfounded  as  that  of  the  other.  As  Alfred  Kirchhoff  says, 
in  an  excellent  biographical  sketch  of  Wolff,  "  this  dispute 
was  as  little  capable  of  settlement,  as  the  inquiiy  whether 
the  angels  lived  in  the  East  or  in  the  West  of  the  heavenly 
n>gions."^ 

The  Animalculists,  or  the  Believers  in  Sperm,  looked 
upon  the  moving  seminal  threads  as  the  real  animal  germs, 
and  they  found  support  on  the  one  hand  in  the  lively 
movement,  and  on  the  other  in  the  form  of  these  seminal 
animalcules.  For  in  the  case  of  man,  as  well  as  of  a  large 
majority  of  other  animals,  they  appear  to  have  a  somewhat 
oblong,  egg-like,  or  pear-like  head,  a  thin  intermediate 
s^ment,  and  a  very  thin  tail,  narrowing  to  a  hair-like 
form  (Fig.  17).  In  reality,  the  whole  formation  is  but  a 
simple  whip-shaped  cell.  The  head  is  the  cellular  nucleus, 
surrounded  by  cell-matter,  which  is  protracted  into  the 
thinner  portions  in  the  middle,  and  to  the  hair-like,  move- 
able tail ;  the  latter  is  the  whip,  or  thread-like  appendage  of 
other  whip-shaped  cells.  The  Animalculists,  however,  con- 
sidered the  head  to  be  a  real  animal  head,  and  the  rest  of 
the  body  to  be  a  complete  animal  body.  Lceuwenhoek, 
Haitsoeker,  and  Spallanzani  were  the  chief  defenders  of 
this  theory  of  Pre-delineation. 

The  opposite  party,  the  OvuHsts  (Ovists),  or  Believers 
in  iiggs,  who  adhered  to  the  older  Theory  of  Evolution, 
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maintained  that  tbe  egg  was  the  real  animal  genn, 
that  the  seminal  animalcules,  at  the  time  of  fecundati' 
only  gave  the  impulse  which  caused  the  unfolding  of  the 
egg  in  which  all  generations  were  encased  one  in  the  other. 
This  opinion  prevailed  with  the  majority  of  biologist« 
during  the  whole  of  the  last  century,  though  Wolff,  in 
1759,  demonstrated  its  utter  want  of  foundation.  lu 
acceptance  was  specially  due  to  the  fact  that  the  most 
celebrated  biological  and  philosophical  authorities  of  tliat 
time  had  pronounced  in  its  favour, — among  them  princi- 
pally Haller,  Bonnet,  and  Leibnitz. 

Albrecht  Haller.  Professor  at  Gottingen,  who  has  often 
been  called  "  the  Father  of  Physiology,"  was  a  very  learned 
and  comprehensively  educated  man,  but,  as  an  interprel 
of  the    more   profound   natural   phenomena,   occupied 
very  high  position.     He  has  best  described  himself  in 
celebrated  and  often-cited  saying,  that  "  Into  the  inner 
of  Nature  no  created  mind  ever  penetrates ;  happy  he 
whom  she  shows  only  her  outer  husk  ! "     The  best  answer 
to  this  "  husk  "  view  of  nature  was  given  by  Goethe,  in  hut 
spleudid  poem  which  ends  with  the  lines : 

"  Kar  hask  not  kernel  Nataro  bringi 
¥oT  all  one  only  typa  of  tiling  ; 
Tet  proTe  thyself,  and  seek  tu  koo 
If  husk  or  kemet  thoa  doat  ibow." 

Attempts  have,  however,  been  recently  made  to  jnsUfl 
Haller's  "  husk  "  view.     Wilhelm  His  has  made  him 
special  defender  of  this  strange  conception.     Haller,  in 
well-known  work,  Etementa  Phi/aiotogUe,  adopted  the  Thev 
of  Evolution  {Theory  of  Pre-formation)  in  a  most  deddi 
manner,  in  these  words  :  "  Tliere  le  no  coming  into  beiq 
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{Nulla  est  epigeneais).  No  part  of  the  animal  body  was  made 
previous  to  another,  and  all  were  created  simultaneously 
(Nulla  in  corpare  animali  pars  ante  aliam  facta  est, 
€t  omnes  simul  creates  eodstunt)"  In  reality,  therefore, 
he  denied  any  actual  evolution  in  the  natural  sense,  and 
in  this  went  so  far  as  to  maintain  even  the  existence  of  a 
beard  in  the  new-bom  boy,  and  the  existence  of  the  horns 
in  ihe  hornless  fawn;  all  the  parts  were  already  present 
in  a  complete  state,  but  hidden  for  a  while  from  the  human 
eye.  Haller  even  calculated  the  number  of  human  beings 
which  God,  on  the  sixth  day  of  His  work  of  creation,  at 
once  created  and  encased  in  the  ovary  of  Eve,  the  Mother 
of  alL  He  estimated  them  at  two  hundred  thousand 
millions,  by  assuming  the  creation  of  the  world  to  have 
been  six  thousand  years  ago,  the  average  human  life  thirty 
years,  and  the  number  of  human  beings  alive  at  the  same 
time  one  thousand  million.  And  the  celebrated  Haller 
advocated  all  this  rampant  nonsense,  and  the  inferences 
drawn  from  it,  most  successfully,  even  after  Wolff  had  dis- 
covered the  true  Epigenesis,  and  proved  it  by  investigation. 
Leibnitz  was  the  most  important  of  the  philosophers 
who  adopted  the  Theory  of  Evolution  (Pre-formation),  and 
by  his  great  authority,  as  well  as  by  his  talented  exposition, 
gained  numerous  followers  for  it.  Based  upon  his  Theory 
of  llonads,  according  to  which  soul  and  body  are  in  an 
eternally  inseparable  union,  and  in  their  bi-unity  constitute 
the  individual  (the  Monad),  Leibnitz  quite  logically  applied 
the  Theory  of  Encasement  to  the  soul  also,  and  denied  all 
real  development  for  it,  equally  with  the  body.  Li  his 
TheodicoB,  for  instance,  he  says :  "  I  think  that  souls,  which 
will  some  day  be  human  souls,  as  in  the  case  of  those  of 
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Other  Bpeciea,  pre-existed  in  the  semen ;  that  they  exisiA 
iu  the  ancestors  a^  far  back  as  Adam,  therefore  since  t 
beginning  of  things,  always  in  the  form  of  organized  bodiai 

The  Theory  of  Enca3ement  seemed  to  receive  its  mol 
important  expLTimental  support  in  the  researches  of  Boimol 
one  of  its  most  zealous  adherents.  He  observed,  for  the 
first  time,  in  Plant-lice,  the  so-called  "  virginal  geDeration," 
or  parthenogenesis,  which  is  an  interesting  form  of  propaga- 
tion lately  proved  by  Slebold  and  others,  in  many  other 
articulated  animals,  such  as  various  Crabs  and  Insects.** 
The  females  of  these  and  other  lower  animals  of  certain 
groups  propagate  for  several  generations  without  having 
been  impregnated  by  a  male.  Such  eggs,  which  for  their 
evolution  do  not  require  to  be  impregnated,  are  called 
"  false  eggs,"  Pseudova,  or  Spores.  Bonnet,  in  1745,  for  t 
first  time  observed  that  a  female  Plant-louse,  which  he  1 
completely  shut  off,  as  in  a  nunnery,  and  shielded  from  i 
contact  with  males,  after  shedding  its  skin  four  tiroes,  gaii 
birth  on  the  eleventh  day  to  a  living  female,  and  within  * 
the  nest  twenty  days  produced  as  many  as  ninety-four 
other  females ;  and  that  soon  all  of  these,  without  having 
come  in  contact  with  a  male,  multiplied  again  in  the  same 
virgin  manner.  Thereupon,  of  course,  it  seemed  tliat  a 
tangible  proof  of  the  truth  of  the  Theory  of  Encasement^ 
according  to  the  interpretation  of  Ovulists,  had 
abundantly  furnished,  and  it  naturally  became  almost  i 
versally  accepted  in  this  sense. 

The  case  stood  thus,  when  suddenly,  in  the  year  175( 
Caspar  Friedrich  Wolff,  then  a  young  man,  appeared,  am 
with  his  new  Theory  of  Epigenesis  gave  the  death-blow  t 
the  entire  Theory  of   Pre-formatlon.     Wolff  was   bom  I 
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Berlin,  in  1733.  He  was  the  son  of  a  tailor,  and  studied 
natural  science  and  medicine  at  first  in  Berlin,  at  the 
Medico-surgical  College,  under  the  celebrated  anatomist 
Meckel,  and  subsequently  in  Halle.  Here,  in  the  twenty- 
sixth  year  of  his  age,  he  passed  his  examination  for  his 
doctor^s  d^ree ;  and  on  the  28th  of  November,  1759,  in  his 
dissertation  as  doctor,  he  defended  the  new  doctrine  of  true 
evolution,  the  Theoria  Oenerationis,  foimded  on  Epigenesis. 
This  dissertation,  in  spite  of  its  smaU  limits  and  difficult 
language,  ranks  among  the  most  important  essays  ever 
written  in  the  whole  range  of  biological  literature.  It  is 
equally  distinguished  by  its  abundance  of  new  and  most 
careful  researches,  and  by  its  feur-reaching  and  very  sug- 
gestive ideas  given  in  connection  with  the  observations, 
which  latter  he  developed  into  a  brilliant  Theory  of  Evolu- 
tion entirely  true  to  natura  Yet  this  remarkable  publica- 
tion had  at  first  no  results  whatever.  Although  the  study 
of  Natural  Science  was  then  flourishing  in  consequence  of 
the  impetus  given  by  Linnseus;  although  botanists  and 
zoologists  soon  numbered,  not  dozens,  but  hundreds ;  yet 
hardly  anybody  took  any  interest  in  Wolffs  Theory  of 
Generation.  And  the  few  who  had  read  it,  foremost  among 
whom  was  Haller,  considered  it  totally  false. 

Although  Wolff  proved  the  truth  of  Epigenesis  by 
means  of  the  most  accurate  research,  and  refuted  the  un« 
founded  hypotheses  of  the  Theory  of  Pre-formation,  yet 
the  ''exact"  physiologist  Haller  continued  to  be  the  most 
zealous  adherent  of  the  latter,  and  rejected  the  correct 
doctrine  of  Wolff  with  his  dictatorial  decree :  NvMa  eat 
tfigenesis!  It  is  not  surprising  that  the  entire  body  of 
physiological  scholars  of  the  second  half  of  the  eighteenth 
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century  submitted  to  tLe  dictum  of  this  physiological  pope, 
and  opposed  Epigenesia  as  a  dangerous  innovatioo.  Mora 
than  half  a  century  elapsed  before  Wolff's  labours  met  with 
their  deserved  acknowledgment.  Only  after  Meckel,  in  tlie 
year  1812,  had  translated  into  German  another  most  im- 
portant publication  of  Wolff's,  "  On  the  Formation  of  tlio 
Intestinal  Canal "  (published  ITfii),  and  had  drawn  atten- 
tion to  its  extraordinary  significance,  people  began  to  re- 
occupy  themaelves  with  this  almost  forgotten  author,  who, 
of  all  the  naturalists  of  the  preceding  century,  had  made  Uie 
deepest  progress  into  the  knowledge  of  the  living  organbm. 

Thua,  as  so  often  happens  in  the  history  of  human  know- 
ledge, new*bom  truth  succumbed  to  all-powerful  error, 
upheld  by  the  weight  of  authority.  The  knowledge  of  Epi- 
geuesis,  clear  as  the  sun,  was  not  able  to  pierce  through  th« 
thick  fog  of  the  Dogma  of  Pre-formation,  and  its  ingeniouf 
discoverer  was  vanquished  in  the  fight  for  the  truth  by  t 
overwhelming  power  of  the  enemy. 

The  result  was  that  all  progress  in  the  History  of  } 
lution  was  for  a  while  arrested.  This  is  all  the  more  to  1 
regretted  because  Wolff  was  finally  compelled,  by  tintow 
circumstances,  to  quit  his  German  Fatherland.  From  the 
first  without  means,  he  had  only  been  able  to  finish  hia  clas- 
sical work  in  the  face  of  great  difficulties,  and  was  theno 
pelled  to  earn  his  bread  as  a  practising  physician.  Dai 
the  Seven  Years'  War  be  was  busy  in  tlie  Silesian  hospiti 
and  gave  excellent  lectures  on  Anatomy  in  the  field  hospili 
of  Breslau,  attracting  the  attention  of  Cotlieniua,  the 
eminent  Director  of  Hospitals.  When  peace  had  been  con- 
cluded, this  distinguished  patron  tried  to  procure  a  ( 
in  Berlin  for  Wolff  but  failed  on  account  of  the  i 
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mindedness  of  the  professors  of  the  Berlin  Medico-surgical 
College,  who  wei'e  averse  to  all  scientific  progress.  This 
most  learned  faculty  persecuted  the  Theory  of  Epigenesis 
as  one  of  the  most  dangerous  heresies ;  just  as  is  the  case 
now  with  the  Theory  of  Descent.  Although  Cuthenius, 
and  other  patrons  in  Berlin,  took  a  warm  interest  in  Wolff, 
it  was  impossible  even  to  procure  permission  for  him  to 
give  public  lectures  on  Physiology  in  Berlin.  The  conse- 
quence was,  that  Wolff  was  obliged  to  accept  a  summons 
with  which  the  Empress  Catherine  of  Russia  honoured  him 
in  1766.  He  went  to  Si  Petersburg,  where  he  remained 
for  twenty-seven  years,  devoting  himself  in  undisturbed 
quiet  to  his  deep  researches,  and  enriching  the  publications 
of  the  St  Petersburg  Academy  with  the  productions  of  his 
brilliant  talents.     He  died  there  in  1794.^ 

The  progress  which  Wolff  made  in  the  entire  science  of 
Biology  was  so  great  that  the  naturalists  of  that  time  could 
not  grasp  it.  The  mass  of  important  new  researches,  and 
of  fiiiitful  and  great  ideas  accumulated  in  Iiis  publications, 
is  so  enormous  that  their  full  value  has  only  been  gradually 
appreciated,  and  their  bearing  properly  understood  during 
the  present  century.  Wolff  opened  up  the  right  path  into 
the  most  various  branches  of  biological  investigations. 
Firstly,  and  above  all,  by  the  Theory  of  Epigenesis,  he 
first  made  the  real  nature  of  organic  evolution  intelligible. 
Ue  proved  satisfactorily  that  the  evolution  of  every  organ- 
ism consists  of  a  series  of  new  formations,  and  that  no 
trace  of  the  form  of  the  developed  organism  exists  either  in 
the  egg  or  in  the  semen  of  the  male.  These  are  simple 
bodies  of  an  entirely  different  significance.  The  germ^  or 
embryo  which  develops  firom  the  egg,  shows  in  the  various 
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phases  of  its  evolution  an  internal  structure  and  an  external 
form  totally  different  from  those  of  the  developed  organism. 
In  none  of  these  phases  do  we  find  any  pre-foimcd  paita; 
nowhere  any  encasement.  In  these  days  we  can  scarcely 
continue  to  call  this  Theory  of  Epigenesis  a  theory,  for  xt 
IiavB  been  thoroughly  convinced  of  its  correctness  in  fact, 
and  we  are  ahle  to  demonstrate  it  in  any  moment  under  tbe 
niicioscope.  Nor,  dunng  the  last  decade,  has  any  doubt  of 
the  truth  of  Epigenesis  been  expressed. 

Wolff  supplied  detailed  proof  of  bis  Theory  of  Epigenesis 
in  his  scholarly  treatise  "On  the  Formation  of  the  Intestinal 
Canal  (1768)."  In  its  complete  condition  tbe  intestinal 
canal  of  the  Chick  is  a  very  complex,  long  tube,  to  which 
the  lungs,  the  liver,  the  salivary,  and  many  smaller  glands 
are  attached.  Wolff  showed  that  there  is  no  trace  of  this 
complex  tube,  with  all  its  various  parts,  in  the  embrj-o 
Chick  during  the  first  period  of  incubation,  but  that  in  )t« 
place  there  is  a  fiat,  leaf-shaped  body ;  and  that  the  whole 
embryo-body  in  the  earliest  period  is  also  of  a  fiat,  oblong, 
leaf-like  form.  Considering  the  difficulty  of  accurately  ex- 
amining conditions  so  extremely  minute  and  delicate  as  th« 
first  leaf-shaped  beginnings  of  tbe  body  of  the  bird  with  the 
indififereut  microscopes  of  the  last  century,  we  cannot  but 
admire  the  rare  talent  for  observation  possessed  by  Wolfil 
who  actually  proved  the  most  important  facta  known  in 
this  the  darkest  portion  of  Embryology.  From  this  very 
difficult  investigation  he  even  drew  the  correct  conclusion 
that  the  entire  embryonic  body  of  all  higher  animals,  m 
well  aa  of  birds,  is  for  a  while  a  fiat,  thin,  leaf-shaped 
plate,  which  at  first  appears  simple,  but  subsequently 
BB  if  composed  of  several  layers.    Tbe  lowest  of  all  tbbM 
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layers,  or  leases,  is  the  intestinal  canal,  the  deyelopment  of 
which  Wolff  examined  thoroughly,  from  its  beginning  to  its 
completion,  fie  showed  that  the  leaf-like  rudiment  fii^st 
forms  a  groove,  the  edges  of  which  curve  towards  each  other, 
thus  growing  into  a  closed  tube,  and  that,  finally,  at  the 
ends  of  this  tube  the  two  openings,  mouth  and  anus,  arise. 
'  Nor  did  Wolff  overlook  the  fact  that  the  other  organic 
systems  of  the  body  originate,  in  an  entirely  similar  way 
from  leaf-shaped  rudiments^  which  afterwards  assume  the 
form  of  tubes.  Like  ^he  intestinal  canal,  the  nerve,  muscle, 
and  vascular  systems,  with  all  the  various  organs  belonging 
to  the  last,  develop  from  a  simple  layer-like  or  leaf-like 
rudiment.  Thus  in  1768  Wolff  learned  the  very  significant 
fact,  which,  half  a  century  later,  was  first  formulated  by 
Pander,  in  the  fundamental  "germ-layer  theoiy."  The 
sentence  in  which  Wolff  expressed  the  main  idea  of  this 
theory  is  so  remarkable,  that  I  quote  it.  "This  very 
wonderful  analogy  between  parts  which  in  Nature  are  so 
widely  separated,  an  analogy  which  is  not  imaginary,  but 
is  founded  on  the  most  reliable  observations,  is  in  the 
highest  degree  worthy  of  the  attention  of  physiologists; 
for  it  will  be  granted  that  it  has  a  deep  significance  and 
that  it  is  most  intimately  connected  with  the  generation, 
and  with  the  nature  of  animala  The  different  systems 
which  compose  the  whole  animal  seem  to  be  successively 
formed,  at  different  times  but  on  one  plan;  and  these 
systems  are  therefore  like  one  another,  even  though  in  their 
nature  they  are  distinct.  The  system  which  is  first  pro- 
duced, which  first  assumed  a  peculiar  definite  form,  is  the 
nerve-system.  When  this  is  completed  the  flesh-mass, 
which  properly  speaking  constitutes  the  embryo,  is  formed 
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on  tbe  same  plan.  A  third,  the  vascular  system,  now  appean, 
which  is  certainly  sufficiently  similar  to  the  two  earlier 
structures  to  allow  of  ita  form  being  easily  recognized  aa 
that  which  has  been  described  as  approximately  common  to 
all  the  systems.  The  fourth  syst«m.  the  intestinal  canal,  now 
follows  1  this,  again,  is  formed  on  the  same  plan,  and,  when 
completed  and  closed,  resembles  the  three  earlier  systems," 
In  this  most  important  discovery  Wolff  laid  the  first 
foundations  of  the  fundamental  "  germ-layer  theory  "  which 
waa  not  completely  developed  till  long  afterwards,  by 
Pander  (I817J  and  by  Baer  (1828).  It  is  trae  that  WolflTs 
propositions  are  verbally  incorrecti  but  in  them  he  reached 
the  truth  as  nearly  as  was  then  possible,  and  as  was  to  be 
expected.  We  shall  presently  see  how  nearly  he  approached 
to  the  real  state  of  the  case. 

Wolff  owes  much  of  his  comprehensive  conception  of 
nature  to  the  fact,  that  he  wa^  as  good  a  botanist  as  a 
zoologist.  He  studied  the  history  of  the  development  oi 
plants  also,  and  in  the  field  of  botany  first  founded  the 
theory  which  Goethe  afterwards  developed  in  his  brilliant 
treatise  on  the  "  Metamorphosis  of  Plants."  Wolff  was  the 
first  to  -show  that  all  the  various  parts  of  plants  may  be 
traced  back  to  the  leaf  as  their  common  rudirocnt,  or 
'fundamental  organ."  Flower  and  fruit,  with  all  their 
parts,  consist  only  of  modified  leaves.  This  discovery  must 
have  seemed  all  the  more  surprising  to  Wolff,  from  the  fact 
that  he  had  discovered  a  simple  leaf-like  rudiment  to  be 
the  first  form  of  the  embr^-onic  body  of  animals,  aa  it  is  (rf 
planta 

We  therefore  find  in  Wolff  distinct  traces  of  thoae 
theories  of  which,  at  a  much  later  period,  other  gifi«d 
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naturalists  were  to  construct  the  foundation  of  the  know- 
ledge of  the  morphology  of  the  animal  and  vegetable  body. 
But  our  admiration  for  this  eminent  genius  is  still  greater 
when  we  discover  that  he  also  first  indicated  the  famous 
cellular  theory.  Indeed,  Wolff  had,  as  Huxley  first  pointed 
out,  an  evident  presentiment  of  this  fundamental  theory, 
for  he  considered  minute  microscopical  vesicles  to  be  the 
real  elementary  parts  constituting  the  germ-layers. 

Finally,  particular  attention  must  be  directed  to  the 
monistic  character  of  the  profound  philosophical  reflections 
which  Wolff  published  in  connection  with  all  his  admirable 
investigations.  Wolff  was  a  great  monistic  Natural  Phi- 
losopher, in  the  best  and  most  correct  sense  of  the  word. 
It  is  true  that  his  philosophical  researches,  like  his  ex- 
perimental ones,  were  ignored  for  more  than  half  a  century, 
and  have  not  even  yet  met  with  the  recognition  which 
they  deserve;  but  we  therefore  emphasize  yet  more 
strongly  the  fact  that  their  tendency  was  strictly  in  that 
line  of  philosophy  which  we  call  monistic^  and  which  alone 
can  be  considered  correct 
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MODERN  ONTOGENY. 

Earl  Eunst  Babb. 

Karl  SruBt  Bacr,  the  Principal  Disciple  of  Wolff. — The  W&rzburg  School  off 
Ernbrjologists :  Dollingrer,  Pander,  Bacr. — Pander's  Theory  of  Germ. 
layers. — Its  Full  Development  by  Baer. — The  Disc-shaped  first  parts 
into  two  Germ-layers,  each  of  which  again  divides  into  Two  Straia. 
The  Skin  or  Flcsh-stratam  arises  from  the  Onter  or  Animal  G(erm-layer. 
The  Yascnlar  or  Mncons  Stratum  arises  from  the  Inner  or  VegetatiFe 
Germ-layer.  The  Significance  of  the  Germ-layers. — The  Modificatioa 
of  the'  Layers  into  Tubes.— Baer's  Discovery  of  the  Human  Egg,  the 
Germ-vesicle,  and  Chorda  Dorsalis. — ^The  Four  Types  of  Evolution  in 
the  Four  Main  Groups  of  the  Animal  Kingdom. — Baer's  Law  of  the  Type 
of  Evolution  and  the  Degree  of  Perfection. — Explanation  of  this  Law  by 
the  Theory  of  Selection. — Baer's  Successors :  Bathke,  Johannes  Mollar, 
Bischoff,  Kdlllker. — The  Cell  Theory  :  Schleiden,  Schwann. — Its  Appli- 
cation to  Ontogeny  :  Robert  Bemak. — Bctrogp:«ssions  in  Ontogeny : 
Beichert  and  His. — Extension  of  the  Domain  of  Ontogeny  :  Darwia. 

*  The  History  of  Evolution  is  the  real  source  of  light  in  the  investigntion 
of  organic  bodies.  It  is  applicable  at  every  step,  and  all  our  ideas  of  ths 
correlation  of  organic  bodies  will  be  swayed  by  our  knowledge  of  the 
history  of  evolution.  To  caiTy  the  proof  of  it  into  all  branches  of  reseacch 
would  be  an  almost  endless  task."— Karl  Ernst  Baer  (1828). 

If  we  wish  to  separate  our  historic  survey  of  the  course 
of  the  development  of  the  Science  of  Human  Ontogeny 
into  parts,  it  is  most  convenient  to  make  three.  The  first 
of  these  occupied  the  last  chapter,  and  includes  the  whole 
prei)aratory  period  of  embryological  researches ;  it  extends 
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from  Aristotle  to  Caspar  Friedrich  Wolff,  to  the  year  1759, 
when  the  Tkeoria  Oenerationis  appeared  and  laid  the 
foundation  for  future  work.  The  second,  to  which  we  now 
turn  our  attention,  comprises  exactly  a  century;  that  is, 
to  the  year  1859,  in  which  appeared  Darwin's  work  on 
•  The  Origin  of  Species,"  which  reformed  the  whole  basis  of 
the  science  of  Biology,  and  especially  of  Ontogeny.  The 
beginning  of  the  third  division  is  as  recent  as  the  time  of 
Darwin. 

As  Wolff's  labours  remained  entirely  unnoticed  during 
half  a  century — till  the  year  1812 — we  are  not  quite 
accurate  in  assigning  the  exact  duration  of  a  century  to  the 
second  division.  During  fifty-three  years  not  one  book 
appeared  which  followed  in  the  lines  laid  down  by  Wolff, 
and  carried  on  his  Theory  of  Evolution,  His  opinions, 
which  were  perfectly  correct  and  founded  directly  on  actual 
observations,  were  only  occasionally  mentioned,  and  then 
only  to  be  rejected  as  erroneoua  His  opponents,  followers 
of  the  prevalent  and  mistaken  theory  of  Pre -formation,  did 
not  even  deign  to  refute  him.  This  was  owing,  as  I  have 
said  before,  to  the  extraordinary  authority  possessed  by 
Albrecht  Haller,  Wolff's  distinguished  opponent,  and  the 
circumstance  furnishes  one  of  the  most  remarkable  examples 
of  the  influence  which  a  great  authority  may,  as  such,  long 
exert  against  the  clear  recognition  of  facts.  The  neglect 
of  Wolfi's  labours  was  so  imiversal  that  in  the  beginning 
of  this  century  two  naturalists,  Oken  (1806)  and  Eieser 
(1810),  undertook  independent  investigations  into  the 
development  of  the  intestinal  canal  in  the  Chick,  and 
obtained  a  correct  insight  into  Ontogeny,  without  being 
aware  of  the  existence  of  Wolff's  important  work  in  the 
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same  field,  and  trod  in  hia  very  footsteps  anoonsciooslj. 
TLat  they  really  did  not  know  his  worka  ia  proved  by  the 
ikct  that  they  did  not  advaace  as  far  as  WoIlV  had  done. 
In  the  year  1812  wlicn  Meckel  translated  Wolff's  book  on 
the  Evolution  of  the  Intestinal  Canal  into  German,  oji( 
called  attention  to  its  great  importance,  the  eyea  of  anal 
mists  and  physiologista  were  for  the  first  time  suddei 
opened,  and  a  great  number  of  Eiologiats  soon  after  un< 
took  new  embrj'ological  investigations,  following  out 
corroborating  Wolff's  theory  step  by  step. 

Tliis  revival  of  Ontogeny,  and  the  first  confirmation 
further  development  of  the  only  true  theorj-  of  Epigem 
afcatted  from  the  university  of  Wiirzburg.  The  distinguish) 
biologist,  Dollinger,  was  then  lecturing  there.  He  was  the 
father  of  the  famous  theologian  of  Munich,  who  has  done 
such  good  service  in  our  day  by  his  opposition  to  the  m 
dogma  of  papal  infallibility.  Dollinger  was  both  a  thoug] 
ful  natural  philosopher,  and  an  accurate  biological  observi 
He  felt  the  greatest  interest  in  the  History  of  Evolution, 
and  was  much  occupied  with  it.  Yet  he  himself  was  unabla 
to  produce  any  very  important  work  in  this  department, 
from  want  of  meana  But  in  the  year  1816,  a  young  doctor 
of  medicine,  who  Had  just  graduated,  and  whom  wo  shall 
soon  learn  to  know  as  the  most  important  follower  of  WolB^ 
came  to  Wiirzburg.  This  was  Karl  Ernst  Baer.  His  con- 
versations with  Dollinger  on  the  Histoiy  of  Evolution 
resulted  in  a  renewal  of  the  investigations.  Dollinger  ex- 
pressed a  wish  that,  under  his  direction,  some  young 
naturalist  should  undertake  a  series  of  independent  re- 
searches into  the  evolution  of  the  Chick  during  the  hatching 
of  the  egg.    But  neither  be  sor  Baer  possessed  the  coo- 
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dderable  pecuniary  means  then  necessary  to  provide  a 
hatching-apparatus,  such  as  would  afford  uninterrupted 
observations  of  the  process,  or  to  pay  a  skilled  artist  ti 
depict  in  a  reliable  form  the  successive  stages  of  develop- 
ment. They,  therefore,  confided  the  execution  of  the  plan 
to  Chiistian  Pander,  a  wealthy,  early  friend  of  Baer's,  by 
whom  he  had  been  induced  to  come  to  Wlirzburg.  Dalton, 
a  skilful  artist,  was  engaged  to  prepare  the  necessary  copper- 
platea 

Thus  was  formed,  as  Baer  says,  "  that  combination,  ever 
memorable  in  the  history  of  science,  in  which  a  veteran,  grown 
gray  in  physiological  researches  (Dollinger),  a  youth  glowing 
with  zeal  for  science  (Pander),  and  an  artist  without  a  peer 
(Dalton),  united  their  powers  to  lay  a  firm  foundation  for 
the  History  of  the  Evolution  of  the  Animal  Organism."  In 
a  short  time  the  history  of  the  evolution  of  the  Chick,  in 
which  Baer  took,  though  indirectly,  a  most  active  part, 
was  80  far  advanced  that  Pander,  in  his  dissertation  ^  for 
the  degree  of  doctor,  published  in  1817,  was  able  to  give 
the  first  complete  sketch  of  the  histoiy  of  the  evolution  of 
the  Chick  on  the  basis  of  Wolfi*s  theory.  He  was  able  to 
defijie  clearly  Wolffs  Theory  of  Genn-leaves,  and  to  prove 
from  observation  the  evolution  of  the  complex  system  of 
organs  from  simple  leaf-shaped  primitive  organs,  as  anti- 
cipated by  Wolffi  According  to  Pander,  the  leaf-shaped 
germinal  appendage  of  the  hen's  egg  separates  before  the 
twelfth  hour  of  incubation  into  two  distinct  layers — an 
outer  serous  layer,  and  an  inner  mucous  layer.  Between 
the  two,  a  third,  vascular  layer,  subsequently  developa 

Baer,  who  was  one  of  those  most  active  in  inducing 
Pander  to  make  his  investigations,  and  who  retained  the 
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liveliest  interest  in  them  after  his  departure  from  'WurzbTii]j 
began  his   own   much   more   comprehensive   researches  1 
1819,  and  nine  years  later  published,  as  the  fruit  of  thcri 
lesearcbes,  a  work  on  "The  History  of  the  Evolution  i 
Animals,"  which  even  now  is  generally  and  rightly  con-* 
sidered  the  most  important  and  valuable   contribution  to 
embryological  literature.    This  book,  a  tme  model  of  careful, 
experimental  investigation,  combined  with  ingenious  phiio- 
Bophical  speculation,  appeared  in  two  parts ;   the  first  in 
the  year  1S28,  the  second  in  1837.°     It  ia  the  firm  founda-_ 
tion  on  which  the  whole  histoiy  of  the  evolution  of  t 
individual  rests  to  this  day,  and  so  far  surpasses  its  j 
decessors,   including   Pander's    outline,   that,   next   to 
labours  of  Wolff,  it  must  be  regarded  as  the  most  impoi-ti 
basis  of  modem  Ontogeny.   Aa  Baer,  who  died  at  Dorj>at  ij 
November,  1876,  was  one  of  the  greatest  naturalist-s  of  our 
century,  and  has  exerted  a  most  important  influence  on 
other  branches  of  Biology  also,  it  may  be  of  interest  to  give 
some  account  of  the  life  of  this  extraordiDary  man. 

Kail  Ernst  Baer  was  born  in  1792,  in  Esthonia,  < 
little  estate  of  Piep,  which  his  fatlier  owned.  He  studiej 
at  Dorpat  from  1810  to  1814,  and  then  went  to  WUrzhur^ 
where  Dollinger  not  only  initiated  bim  into  Comparative 
Anatomy  and  Ontogeny,  but  also  exercised  over  him,  by 
his  own  interest  in  philosophical  studies,  a  highly  stimu- 
lating influencft  From  Wiirzburg  Baer  went  to  Berlin, 
and  then,  accepting  a  call  from  the  physiologist  Burdacli, 
to  Konigsberg.  There  he  delivered  lectures  on  Zoology  and 
Evolution,  with  some  interruptions,  until  1834,  and  com- 
pleted hie  moat  important  works.  In  1834  ho  went  t 
Petersburg  as  a  member  of  the  Academy  of  that  pU 
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There,  however,  he  forsook  almost  entirely  his  former  field 
of  labour,  and  occupied  himself  with  researches  of  a  totally 
different  nature,  in  various  branches  of  Natural  Science, 
especially  in  Geography,  Geology,  Ethnography,  and  Anthro- 
pology. E[is  works  on  the  History  of  the  Evolution  of 
Animals  are  far  the  most  important;  nearly  all  of  these 
were  completed  while  he  was  in  Eonigsberg,  though  some 
of  them  were  not  published  until  later.  Their  merits,  like 
Uiose  of  WolfTs  writings,  are  many-sided,  and  extend  over 
the  whole  domain  of  Ontogeny  in  very  various  directions. 

Baer  especially  perfected  the  fimdamental  Theory  of 
Germ-layers,  as  a  whole  as  well  as  in  detail,  so  clearly  and 
completely,  that  his  idea  of  it  yet  forms  the  safest  basis  of 
our  knowledge  of  Ontogeny.  He  showed  that  in  Man  and 
the  other  Mammals,  as  in  the  Chick — in  short,  as  in  all  Ver- 
tebrates— ^first  two,  and  then  four  germ-layers  are  formed, 
always  in  the  same  manner,  and  that  the  modification  of 
these  into  tubes  gives  rise  to  the  first  fundamental  organs 
of  the  body.  According  to  Baer,  the  first  rudiment  of  the 
body  of  a  Vertebrate,  as  it  appears  on  the  globular  yelk 
of  the  fertilized  egg,  is  an  oblong  disc,  which  first  separates 
into  two  leaves  or  layers.  From  the  upper  or  animal  layer 
evolve  all  the  organs  which  produce  the  phenomena  of 
AniTnal  life :  the  functions  of  sensation,  of  motion,  and  the 
covering  of  the  body.  From  the  lower  or  vegetative  layer 
proceed  all  the  organs  which  bring  about  the  growth  of  the 
body:  the  vital  functions  of  nutrition,  digestion,  blood- 
making,  breathing,  secretion,  reproduction,  and  the  like 
Each  of  these  two  original  germ-layers  separates  again  into 
two  thinner  layers,  or  lamelldB,  one  lying  above  the  other. 
Fixwif  the  animal  layer  separates  into  two,  which  Baer  calls 
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the  sbin,  or  dermal  layer,  and  the  flesh,  or  muscular  la* 
From  the  upperiuost  of  these  two  lamellfe,  the  skin- 
are  formed  the  outer  akin,  the  covering  of  the  hwly,  and  the 
ceatral  nervous  Byatein,  the  spiiial  cord,  the  brain,  and 
the  organs  of  sensation.  From  the  lower,  or  ilesh-layt 
the  mu.sclea,  or  fleshy  parts,  the  internal  or  bony  skeleton,- 
in  short,  the  organs  of  motion,  arise.  Secondly,  the  lo' 
or  vegetative  germ-layer,  parts  in  the  same  way  into 
lamellae,  which  Baer  distinguishes  as  the  vascular  and  the 
mucous  layer.  From  the  outer  of  the  two,  the  vascular 
layer,  proceed  the  heart  and  the  blood-vessels,  the  spleen, 
and  the  other  so-called  blpod-v&ssel  glands,  the  kidneys, 
and  the  sexual  glands.  Finally,  from  the  lowest,  and  foi 
or  mucous  layer,  arises  the  inner  alimentary  membrane 
the  intestinal  canal,  with  all  itd  appendages,  Uver,  h 
salivary  glands.  Baer  traced  the  transformation  of 
(bur  aecondary  gerni-layera  into  tube-shaped  fundamental 
Cleans  as  ingeniously  as  he  had  succcssfiilly  dotcnnined 
their  import  and  their  formation  in  pairs  by  the  sogi 
tation  of  the  two  primary  gorm-layem  He  was  the 
to  solve  tlie  difficult  problem  as  to  the  process  by  \ 
the  entirely  difierent  body  of  the  vertebrate  develops 
this  flat,  leaf-shaped,  four-layered  oiiginal  germ ;  the  pi 
was  the  transformation  of  the  layers  into  tubes. 

In  accordance  with  certain  laws  of  growth,  the 
layers  bend,  and  become  arched ;  the  edges  grow  towj 
each  other  so  that  the  distance  between  them  is  contini 
decreased ;  finally  they  unite  at  the  point  of  contact 
this  process  the  flat  intestinal  layer  changes  into  a 
intestinal  tube ;  the  flat  spinal  layer  becomu  i 
spinal  tube,  the  skindayar  becomes  a  skin-tube. 
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Among  the  many  and  great  services  which  Baer  ren- 
dered in  detail  to  Ontogeny,  especially  to  that  of  Vertehrates, 
his  discovery  of  the  human  egg  must  be  especially  men- 
tioned bera  Most,  even  of  the  earlier  naturalists,  had 
assumed  that  man  proceeds,  like  other  animals,  from  an 
^g.  The  Theory  of  Evolution  (pre-formation)  had,  more- 
over, assumed  that  all  past,  present,  and  future  generations 
of  the  human  race  existed  encased  in  the  ova  of  Eve,  the 
common  mother.  Tet  the  ova  of  Man  and  other  Mammals 
were  not  actually  known  till  the  year  1827.  For  the  egg 
is  exceedingly  small,  a  spherical  vesicle  or  bladder  of  only 
one-tenth  of  a  line  in  diameter,  which  can  be  seen  with  the 
naked  eye  only  under  very  favourable  circumstancea  This 
spherical  vesicle,  when  in  the  ovary  of  the  mother,  is  en- 
closed in  a  nimiber  of  peculiar  spherical  vesicles  of  much 
larger  size,  called  Graafian  follicles,  after  their  discoverer 
Qraaf,  and  these  were  formerly  universally  regarded  as  the 
actual  egga  It  was  not  imtil  the  year  1827 — not  fifty  years 
ago — that  Baer  proved  that  these  Graafian  follicles  are  not 
the  actual  eggs,  which  are  much  smaller,  and  only  imbedded 
in  the  Graafian  follicles.     (C£  end  of  Chapter  XXV.) 

Baer  was  ako  the  first  to  observe  the  so-called  germinal 
vesicle  of  Mammals,  that  is)  the  little  spherical  bladder 
which  is  first  developed  from  the  impregnated  egg,  and  the 
tLii.  wall  of  which  consists  of  a  single  layer  of  uniform 
polygonal  cells.  (See  Chapter  VIII.)  Another  discovery  of 
Baer's,  of  great  importance  in  understanding  the  types  of 
the  lineage  of  the  Vertebrates,  and  the  characteristic 
organization  of  this  group  of  animals  in  which  Man  is 
included,  was  that  of  the  Chorda  Dorsalis,  This  is  a  long, 
Uun,  cylindrical  cartilaginous  cord,  which  in  all  Vertebrates 
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passes  lengthwise  through  the  whole  body  of  the 
It  ia  developed  at  a  very  early  stage,  and  is  the  first  foi 
tion  of  the  spine,  the  firm  axis  of  Vertebrates.  In  thft 
Lancelot  (Ampkioxus),  the  lowest  of  all  Vertebrates,  the 
entire  inner  skeleton  is  limited  to  this  Chorda  throughout 
life.  But  in  Slan  and  all  the  higher  Vertebrates,  first  the 
spine,  and  later  the  akull,  are  developed  i-ound  this  cord. 

Important  as  these  and  many  other  discoveries  of  Baer' 
were  in  the  Ontogeny  of  Vertebrates,  yet  the  great 
portance  of  liis  researches  rested  especially  on  the  fact 
he  was  the  first  to  apply  the  comparative  method  to  th» 
study  of  the  evolution.     It  was,  of  course,  the  Ontogeny  of 
Vertebrates,  and  principally  of  Birds  and  Fishes,  that  Boer 
first  and   especially   investigated.     Yet  he   by   no   means 
limited  himself  to  these;  for  he  included  various  Inverte- 
brates in   his  investigations.     The  most  general  result  of 
these  comparative  embryological  researches  was  that 
assumed  four  totally  different  courses  of  evolution  for 
four  principal  groups  of  the  animal  kingdom.     These  fc 
chief  groups,  or  types,  which  at  that  time  had  just 
to  be    distingubhed,   in   consequence   of  George   Cuvii 
researches  in  Comparative  Anatouiy,  are ;   (1)  Vertel» 
{Verlebrata) ;   (2)   Articulated   animals   {Arlhropoda) 
Soft-bodied  animals  (Motliisca) ;  and  (4)  the  lower  anil 
which  at  that  time  were  all  erroneously  grouped  under 
term  Radiata.     Cuvier,  in  the  year  1816,  demonstrated 
the  first  time  that  these  four  groups  of  the  animal  kingd< 
show  very  essential  and  typical  distinctions  in  their  whole 
inner  structure,  and  in  the  arrangement  and  position  of  the 
organic   systems;    that,   on  the  other  hand,   th 
structnre  of  all  animals  of  one  type,  for  example. 
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kebrates,  is  essentially  similar^  notwithstanding  the  great 
▼ariety  of  outward  forma  Baer,  however,  independently 
and  almost  simultaneously,  furnished  proof  that  the  four 
groups  develop  from  the  egg  by  entirely  diflTerent  processes, 
and  further,  that  the  order  of  the  series  of  embryonic  forms 
in  the  course  of  evolution  is  from  the  very  beginning 
identical  in  all  animab  of  the  same  type,  but,  on  the  other 
hand,  different  in  those  of  different  types.  Up  to  that 
time,  in  making  a  classification  of  the  animal  kingdom,  an 
endeavour  had  always  been  made  to  arrange  all  animals,  from 
the  lowest  to  the  highest,  from  the  infusoria  to  man,  in 
a  single  connected  series  of  forms;  and  the  false  idea  had 
always  been  maintained,  that  there  was  a  single  imbroken 
gradation  of  development  from  the  lowest  animal  to  the 
highest  Cuvier  and  Baer  proved  that  this  conception  is 
totally  erroneous, — and  that,  on  the  contrary,  there  are  four 
wholly  distinct  types  of  animals,  which  must  be  distin- 
guished not  only  as  to  their  anatomical  structure,  but  also 
as  to  their  embryonic  evolution. 

As  a  result  of  this  discovery,  Baer  succeeded  in  estab- 
lishing a  very  important  law,  which  we  shall  name  in  his 
honour  Baer's  Law,  and  which  he  expresses  as  follows : 
"  The  evolution  of  an  individual  of  a  certain  animal  form 
b  determined  by  two  conditions :  firstly,  by  a  continuous 
perfection  of  the  animal  body  by  means  of  an  increasing 
hisUdogical  and  morphological  differentiation,  or  an  increas- 
ing number  and  diversity  of  tissues  and  organic  forms; 
aecondly,  and  at  the  same  time,  by  the  continual  transition 
from  a  more  general  form  of  the  type  to  one  more  specific." 
The  degree  of  perfection  of  the  animal  body  depends  on 
the  greater  or  less  amount  of  heterogeneity  there  is  in  its 
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elementary  parts^  and  in  the  segments  of  its  oompo6it« 
organs, — ^in  a  word,  in  the  degree  of  histological  and  mor* 
pholo^cal  differentiation.  The  type,  on  the  other  hand, 
is  the  order  of  the  arrangement  of  the  organic  elements  and 
of  the  organa  The  type  is  quite  distinct  from  the  degree  of 
perfection;  the  same  type  may  exist  in  several  degrees 
of  perfection ;  and,  conversely,  the  same  grade  of  perfection 
may  be  reached  in  several  types.  This  explains  the  phe- 
nomenon that  the  most  perfect  animals  of  any  type, — ^for 
example,  the  highest  Arthropods  and  MoUusc&f, — are  much 
more  perfectly  organized,  or  more  highly  differentiated, 
than  the  most  imperfect  animals  of  other  types^ — ^for  ex- 
ample, than  the  lowest  Vertebrates  and  Star-animals, 

Baer's  Law  has  been  of  the  greatest  importance  in 
advancing  our  knowledge  of  animal  organization ;  though 
it  was  not  until  a  later  period  that  Darwin  enabled  us  to 
perceive  and  value  its  real  significance.  Here  we  may 
at  once  remark  that  it  can  only  be  really  understood  by 
means  of  the  Theory  of  Descent,  by  the  recognition  of  the 
very  important  part  played  by  Heredity  and  Adaptation 
in  the  construction  of  organic  form.  As  I  have  shown  in 
my  Oenerdle  Morpholorjie  (vol.  iL  p.  10),  the  type  of 
evolution  is  the  mechanical  result  of  Heredity ;  the  degree 
of  perfection  is  the  mechanical  result  of  Adaptation 
Heredity  and  Adaptation  are  the  mechanical  factors  in  the 
production  of  organic  forms,  which  were  first  brought  to 
bear  on  Ontogeny  by  Darvvin's  Theory  of  Selection,  and 
which  have  enabled  us  for  the  first  time  to  understand 
Baer  s  Law. 

Bacr  8  labours  marked  the  beginning  of  a  new  epoch, 
and    aroused  an  extraordinary   interest  in  embiyological 
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research  throughout  a  very  wide  cirde.  We  find,  therefore, 
that  a  large  number  of  investigators  occupied  the  newly 
found  field  of  research,  and,  with  praiseworthy  industry, 
made  a  great  number  of  distinct  new  facts  in  a  short  time. 
The  majority  of  these  new  embryologists  are  industrious 
specialists,  who  have  been  very  useful  in  collecting  fresh 
materials,  but  who  have,  as  a  rule,  done  but  little  to  ad* 
vance  the  general  problem  of  the  History  of  Germs.  I  can, 
therefore,  limit  myself  to  the  mention  of  a  few  namea 
Of  special  importance  are  the  investigations  of  Heinrich 
Rathke,  of  Konigsberg  (died  1861),  who  did  much  to  advance 
the  History  of  the  Evolution  of  Invertebrates  (Crabs,  In- 
sects, Molluscs),  as  well  as  of  Vertebrates  (Fishes,  Turtles, 
Snakes,  Crocodiles).  In  the  subject  of  the  Embryology  of 
Mammals,  the  widest  conclusions  are  due  to  the  careful 
experiments  of  Wilhelm  Bischoff,  of  Munich.  His  History 
of  the  Evolution  of  the  Rabbit  (1840),  of  the  Dog  (1842),  of 
the  Quinea-Pig  (1852),  and  of  the  Roe-Deer  (1854),  are  as 
yet  the  most  impoi*tant  basis  of  study  in  this  department. 
Among  the  numerous  works  on  the  History  of  the  Evolution 
of  Invertebrates,  those  of  the  well-known  zoologist,  Johannes 
Miiller,  of  Berlin,  on  Star-animals  (Echinodeimia),  are  espe- 
cially noteworthy ;  also  those  of  Albert  Kolliker,  of  Wlirz- 
burg,  on  Cuttle-fishes  (Cephalopoda);  of  Siebold  and  Huxley, 
on  Worms  and  Plant-animaLs ;  of  Fritz  Miiller  (Dcsterro),  on 
the  Crustacea ;  of  Weismann,  on  Insects,  etc.  The  number  of 
bbourers  in  this  field  has  of  late  greatly  increased,  although 
not  very  much  of  special  importance  has  been  accomplished. 
It  is  evident,  from  the  majority  of  recent  publications  on 
Ontogeny,  that  their  authors  are  not  familiar  enough  with 
Comparative  Anatomy.    The  most  important  of  the  latest 
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ontogenetic  works  are  thoae  of  Kowalevaky,  E.  Ray  Lan- 
kester,  and  Eduard  van  Beneden,  to  wbtch  we  sliall  present); 
again  refer.** 

A  more  decided  advance  in  general  knowledge  than  wu 
effected  by  all  these  separate  investigations,  dates  from  tho 
year  1838,  when  the  proof  of  the  Cellular  Theory  suddenly 
opened  a  new  field  of  research  in  the  History  of  Evolutioa 
The  distinguished  botanist,  Schleiden,  of  Jena,  ha%Tiig 
proved  by  means  of  the  microscope  that  every  vegetable 
body  Is  composed  of  innumerable  elementary  pai-ts,  the  so- 
called  cella,  Theodor  Schwann,  of  Berlin,  a  pupil  of  Johann(!-<i 
Muller,  applied  this  discovery  directly  to  the  animal  body." 
He  showed,  that  not  only  in  planla,  but  also  in  the  bodies 
of  the  most  dissimilar  animab,  these  same  cells  are  dis- 
tinguishable, under  the  microscope,  in  all  the  tissues,  and 
that  they  form  the  actual  building  material  of  organiBm^ 
jMI  the  numerous  tissues  of  the  animal  body,  such  as  the 
entirely  dissimUar  tissues  of  the  nerves,  muscles,  bones, 
outer  skiu,  mucous  skin,  and  of  other  similar  parts,  are 
wriginally  composed  of  cells;  and  the  same  is  true  of 
all  the  various  tissues  of  the  vegetable  body.  These  ceils, 
which  we  shall  hereafter  consider  more  closely,  are  inde- 
pendent living  beings,  the  citizens  of  the  state,  which  con- 
stitute tlje  entire  multi-cellular  organism.  The  knowle 
of  this  moat  important  fact  was,  of  course,  of  direct » 
to  the  Hiistory  of  Evolution  also,  in  that  it  raised  i 
new  questions,  cliiefly  these :  What  relation  have  the  t 
to  the  germ-layers  ?  Are  the  gcrm-Uyers  already  < 
posed  of  cells,  and  how  are  they  related  to  the  cells  c 
tissues  which  afterwards  appear  t  What  pla«o  doe 
9^  hold  in  the  Cell  Theory  ?     Is  it  itself  a  cell,  or  i 
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eomposcd  of  cells?  These  were  the  important  questions 
which  the  Cell  Theory  at  once  raised  in  the  study  of  Em- 
bryology. 

Several  naturalists  attempted  in  different  ways  to 
furnish  the  right  answers,  but  the  excellent  "  Investigations 
into  the  Evolution  of  Vertebrates/'  by  Robert  Remak,  of 
Berlin  (1851),  became  conclusiva  By  somewhat  remoulding 
the  Cellular  Theory  of  Schleiden  and  Schwann,  this  gifted 
naturalist  was  able  to  overcome  the  great  obstacles  which 
this  theory,  in  its  first  form,  had  placed  in  the  way  of 
Embryology.  It  is  true  that  the  anatomist,  Karl  Boguslaus 
Reichert^  of  Berlin,  had  previously  attempted  to  explain  the 
origin  of  the  tissues.  But  this  attempt  was  necessarily  a 
total  failure,  owing  to  the  fact  that  the  extraordinarily 
confused  mind  of  the  author  was  equally  destitute  of  every 
correct  idea  of  the  History  of  Evolution,  of  the  Cellular 
Theory  as  a  whole,  and  of  a  sound  view  of  the  structure 
and  development  of  tissues  in  particular.  The  inaccuracy 
of  Reichert's  observations,  and  the  falsity  of  the  conclusions 
drawn  from  them,  is  shown  by  every  accurate  test  applied 
to  his  so-called  discoveriea  By  way  of  illustration,  it  may 
be  said  that  he  declared  the  whole  of  the  upper  germ-layer, 
from  which  the  most  important  parts  of  the  body — brain, 
spinal  cord,  outer  skin,  and  the  like — proceed,  to  be  merely 
a  transient  "en veloping-skin"  of  the  embryo,  and  that  it 
had  nothing  to  do  with  the  formation  of  the  body ;  that 
many  of  the  first  formations  of  the  separate  organs  did  not 
proceed  from  the  primary  germ-layers,  but  came  one  by 
one  from  the  yelk  of  the  egg,  and  joined  the  layers  after- 
ward. Reichert's  preposterous  embryological  labours  suc- 
ceeded in  gaining  a  passing  attention,  only  because  they 
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were  put  forward  with  unusual  presumption,  and  profemed 
to  disprove  Baer's  Tbeoiy  of  Germ-layera.  They  are 
written  in  so  clumsy  and  confused  a  style,  that  no  one 
could  quite  understand  them ;  but  for  this  very  reason  they 
won  the  admiration  of  many  readers,  who  supposed  that 
a  nucleus  of  profound  wisdom  was  hiddea  somewhere  be- 
hind tlieiie  obscure  oracular  and  mysterious  sayingBL 

Remak  was  the  first  to  throw  fiill  light  on  the  great 
confusion  which  Reichert  had  caused,  by  explaining,  in  the 
simplest  possible  manner,  the  evolution  of  the  tissues.  Ac- 
cording to  him,  the  egg  of  animals  is  always  a  simple 
cell,  and  the  germ-layers,  which  proceed  from  the  egg,  are 
also  composed  only  of  cells,  and  those  cells,  which  alone 
constitute  the  egg,  are  produced  in  a  very  simple  manner 
by  the  continuous  and  repeated  segmentation  or  dividing 
up  of  the  orig^inal  simple  egg-cell.  This  cell  dindes,  or 
parte,  first  into  two,  and  then  into  four;  from  these  four 
arise  eight,  then  sixteen,  and  then  thirty-two,  and  st 
Hence,  in  the  individual  evolution  of  every  animal,  as 
as  of  every  plant,  from  the  one  simple  cell,  constituting 
egg,  is  formed,  by  repeated  segmentation,  an  aggregate 
cells,  BS  KoUiker  had  already  maintained  in  1814  Tb« 
cells  of  such  a  mass  spread  themselves  out  flatly,  and  so 
form  into  layers,  so  that  every  one  of  these  layers 
origlaally  composed  of  but  one  kind  of  celL  The 
the  layers  differentiate  themselves,  or  assume  varioos  foi 
and  then  there  is  a  further  differentiation,  or, 
words,  a  division  of  labour  of  the  cells  within  the  la] 
themselves,  and  this  latter  differentiation  produces  all 
various  tissues  of  the  body. 

These  are  the  veiy  simple  principles  of  Histogeny, 
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the  Sdenco  of  the  Evolution  of  Tissues,  as  first  elaborated 
by  Remak  and  by  Kolliker  in  this  comprehensive  sense. 
By  thus  proving  more  definitely  the  part  which  the  germ- 
layers  take  in  the  formation  of  the  various  tissues  and 
systems  of  organs,  and  applying  the  Theory  of  Epigenesis 
to  the  cells  and  the  tissues  formed  from  them,  Remak  raised 
the  Germ-layer  Theory,  at  least  as  regards  Vertebrates,  to 
that  degree  of  perfection  in  which  we  shall  find  it  hereafter 
when  we  examine  it  in  detail  According  to  him,  the  two 
germ-layers,  of  which  the  so-called  germinal  disc,  the  first 
simple  leaf-shaped  formation  of  the  body  of  a  Vertebrate, 
is  composed,  are  soon  increased  by  another  layer,  produced 
by  the  lower  layer  separating  into  two.  These  three  have 
entirely  distinct  relations  to  the  various  tissues.  First, 
from  the  upper  layer  proceed  those  cells  which  compose  the 
outer  skin  (epidermis)  of  the  body,  together  with  the  parts 
belonging  and  necessary  to  it  (hair,  nails,  and  the  like) — 
that  is,  the  external  covering  which  envelops  the  whole 
body ;  and,  remarkable  as  it  is,  it  produces  also  the  cells 
which  constitute  the  central  nervous  system, — the  brain  and 
spinal  marrow.  Secondly,  from  the  lower  germ-layer  spring 
the  cells  which  form  the  intestinal  epithelium, — that  is  the 
whole  inner  coating  of  the  intestinal  canal  and  its  append- 
ages (liver,  lungs,  salivary  glands,  and  the  like) ;  in  other 
words,  the  tissues  which  take  up  the  food  of  the  animal  body 
and  attend  to  its  digestion.  Finally,  from  the  middle  layer, 
lying  between  these  two,  arise  all  the  other  tissues  of  the 
body  of  the  Vertebrate;  flesh  and  blood,  bones  and  liga- 
ments, and  the  lika  Bemak  also  proved  that  the  middle 
layer,  which  he  calls  the  "  motor-germinative  **  layer,  again 
ieparates,  secondarily,  into  two  layers.    In  this  way  we  got 
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the  aame  four  layers  which  Ba6r  had  previously  aasmned. 
The  upiicr  part  of  the  middle  layer  after  its  cleavaga 
(Baer's  "  Fieah-stratum "),  Remak  calls  the  ekm-Iamellii 
(Haafptatte,  or  better,  Ifaulfaserplatte);  it  forms  the  out^^r 
wall  of  the  body  (the  true  skin,  cutis  v/ina,  the  muscl>:s, 
bouea,  and  the  like).  The  lower  part  (Baers  "Vascular 
stratum "),  he  calls  the  intestinal-tibrous  lamella  (Darm- 
faacrplatU) ;  it  forms  the  outer  covering  of  Uie  iutestinaJ 
canal,  and  of  the  heart,  the  blood-vessels,  and  so  on. 

Based  on  the  tirm  foundation  which  Remak  thus  supplied 
to  the  History  of  the  Evolution  of  the  Tissues,  or  the  science 
called  Hiatogeny,  numerous  investigations  of  special  points 
which  have  considerably  extended  our  information  IrnvB 
been  made  Of  course  many  attempts  have  been 
to  give  much  narrower  limitations  to  Remak's  doctrines,  c 
to  remodel  them  altogether,  Reichert,  of  Berlin,  and  W|| 
helm  His,  of  Leiffiic,  have  specially  busied  tliemselvca  ( 
establish,  in  comprehensive  works,  an  entirely  new  viewd 
the  evolution  of  the  body  of  Veitehratos,  according  to  whiia 
the  rudiments  of  the  body  of  tlie  Vertebrate  does  not  consist 
solely  of  the  two  primary  germ-layers.  But  these  works, 
owing  to  their  total  lack  of  the  necessary  knowledge  t 
Comparative  Anatomy,  and  clear  knowledge  of  Ontog« 
and  to  the  fact  that  they  do  not  even  glance  at  Phyloj 
could  exert  but  a  very  transient  influence.  Only  the  toH 
want  of  ci'itical  ability  and  comprehension  of  tho  i 
problems  of  the  History  of  Evolution  can  explain  the  f 
that  many  people  for  a  time  regarded  the  strange  fancies  J 
Reichert  and  His  as  a  great  gain. 

His,  in  18C8,  in  a  large  book,  on  "The  Eaily  Evolutloi^ 
tf  the  Chick  in  tho  Eg;^,"  detailed  his  entirely  enxmeou^ 
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7iew8  in  a  very  learned  form,  and  under  the  banner  of  a 
new  and  very  exact  mathematical  and  physical  method^  he 
has  recently  expressed  the  same  views  in  a  general  form  in 
his  book  on  **  Our  Body  and  the  Physiological  Problem  of 
its  Origin"  (Leipsic,  1875).  As  His,  in  order  to  increase 
the  circulation  of  the  latter  book,  has  allowed  it  to  be 
publicly  advertised  as  "  important  to  readers  of  Haeckers 
Anthropogenic,"  I  shall  only  remark  that  my  treatise  on 
"The  Aims  and  Methods  of  the  History  of  Evolution" 
(Jena,  1875)  frees  me  from  the  necessity  of  further  answer. 
To  the  most  important  points  in  his  false  theories  I  shaU 
refer  again.     (See  Chapter  XXIV.) 

Quite  recently,  however.  His  and  Reichert's  books  on 
Ontogeny,  which  had  previously  ranked  as  the  most  per- 
verted and  unfortunate  of  the  lai'ger  works  on  this  science, 
have  been  far  eclipsed,  in  that  respect,  by  a  ponderous  work 
by  Alexander  Goette,  of  Strasburg,  on  the  "  History  of  the 
Evolution  of  Borribinator  igneua,  as  the  Basis  of  a  Com- 
parative Morphology  of  Vertebrates  "  (Leipsic,  1875).  This 
monograph  is  the  biggest  existing  contribution  to  the 
literature  of  Ontogeny — a,  thick  volume  of  964  pages,  ac- 
companied by  a  very  beautiful  folio  atlas  of  22  plates. 
These  splendid  plates,  containing  as  many  as  382  accurate 
and  very  carefully  executed  drawings,  representing  the 
history  of  the  development  of  the  Bombinator,  are  the 
result  of  years  of  incessant  labour,  and  excite  a  most 
favourable  interest  in  the  huge  work.  Unfortunately, 
however,  the  reader  who  is  induced  by  this  splendid 
picture-book  to  expect  a  corresponding  degree  of  excellence 
in  the  voluminous  text,  will  be  sadly  disappointed.  Not 
only  is  the  whole  account  most  obscure,  confused,  and 
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contradictoiy,  but,  fiirtlier,  the  entire  treatment  showa  tliat, 
by  his  whole  scientific  education,  the  author  is  incapable 
of  the  heavy  task.  I  should  not  pronounce  this  harsh 
judgment,  but  that  Goetfce  flattere  himself  that,  as  the 
reformer  of  the  science,  he  is  about  to  place  it  on  an 
entirely  new  basis ;  and  but  that,  consequently,  he  treati 
the  great  leaders  of  the  science— Baer,  Remak,  Gegcnbaw, 
and  others- — in  the  most  insolent  manner,  as  narrow-minded 
laboiirera  who,  "  by  reason  of  their  lack  of  knowledge  of  the 
history  of  evolution,  have  missed  their  aim,"  The  following 
samples  seem  to  show  the  mode  in  which  the  new  science 
is  constituted  by  Goette :  "  Perfect  life  renders  evolution 
impossible.  The  capacity  of  evolution  in  the  mature  ^gg 
e.tcludes  real  life.  Egg-cleavage  is  not  a  living  process  of 
evolution.  The  egg  neither  as  a  whole  nor  an  to  its  parts, 
neither  in  its  origin  nor  in  its  complete  state,  is  a  cell.  The 
cells  of  the  various  tissues  are  not  organisms,  are  not  orgau 
individuals.  The  individuality  of  an  organism  w  oa 
[leculinr  espresaion  of  the  end  of  its  evolution,"  and  so  o 

In  these  and  many  other  statements  Goette  abrupt 
upsets  the  whole  science,  as  at  present  constituted. 
Cell  Theory  and  the  Pi'otoplasmic  Theory  are  rejected  4 
worthless  ;  even  Cnmparative  Anatomy  is,  according  to  tl 
writer,  of  no  scientific  value ;  Phylogeny  is  no  science,  a 
so  on.  I  have  explained  the  most  incredible  of  Goettt 
assertions  and  hh  most  unexampled  errors  in  my  work  fl 
"The  Aims  and  Methods  of  the  History  of  Evolutiu 
(Leipsic,  1875);  in  which  book  I  have  abo  criticized  I 
views  held  by  His  and  Agnssiz.  Errors  of  this  sort  are  | 
longer  possible  in  other  sciences.  Their  occurrence  1 
History   of  Evolution   is   explained   partly   by    the 
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difficulty  of  the  very  complex  task  which  lies  before  this 
science,  and  partly  by  the  insufficient  general  preparation 
possessed  by  most  of  the  more  recent  students. 

AU  valuable  modem  investigations  into  Animal  Onto- 
genesis  have  only  tended  to  confirm  and  add  to  the  Theory 
of  Germ-layers  as  established  by  Baer  and  Remak.  As  the 
most  important  advance  made  in  this  direction,  it  is  deserv- 
ing of  mention,  that  the  same  two  primary  germ-layers, 
from  which  the  body  of  Vertebrates,  including  Man, 
develops,  have  recently  been  shown  to  exist  in  all  inver- 
tebrate animals  also,  with  the  single  exception  of  the  lowest 
group,  that  of  the  Primaeval  animals  {Protozoa.)  The  dis- 
tingoisbed  English  naturalist,  Huxley,  in  the  year  1849, 
had  already  shown  that  this  is  also  true  of  Plant-animals 
{MeduaoB).  He  drew  aij^ention  to  the  fact  that  the  two 
cell-layers,  from  which  the  body  of  this  Plant-animal 
develops,  correspond,  morphologically  as  well  as  physio- 
logicaUy,  to  the  two  primary  germ-layers  of  Vertebrates. 
The  upper  germ-layer,  from  which  the  outer  skin  and  the 
flesh  proceed,  he  named  Ectoderm,  or  Outer  layer;  the 
lower,  which  forms  the  organs  of  digestion  and  reproduc- 
tion, he  called  the  Entoderm,  or  Inner  layer.  But  during 
the  past  ten  years,  the  two  germ-layers  have  been  found  to 
exist  among  many  other  Invertebrates.  The  indefatigable 
Russian  zoologist^  Kowalevsky,  has  found  them  among 
widely  differing  groups  of  Invertebrates,  in  Worms, 
Star- animals  {Echinoderma),  Soft-bodied  animals  (Mollusca), 
Articulates  {Arthroix)da),  and  the  like. 

In  my  Monograph  on  the  Calcareous  Sponges,  which 
appeared  in  1872, 1  have  shown  that  this  same  pair  of  primary 
germ-layers  forms  the  basis  of  the  body  of  the  Sponges,  and 
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that  they  ai-e  to  be  regarded  as  occupying  the  eame  rel 
place,  or  as  beliig  homologous,  throughout  all  the  va 
classes  of  animals,  from  the  Sponges  to  Man.  This  homolngy 
of  the  two  primary  germ-layers,  which  is  of  extraordinary 
eignificancc,  extends  throughout  the  animal  kingdom,  with 
only  a  few  exceptions  in  the  lowest  class,  the  Primieval 
animals  (Pi-oto2oa).  These  animals  are  of  an  exceedingly 
low  organization,  and  do  not  advance  to  the  stage  of  form- 
ing germ-layers,  and  consequently  never  form  real  tissues. 
The  whole  body  merely  consists,  either  of  a  single  cell,  as 
in  Amtsbs  and  Infusoria,  or  of  a  loose  mass  cf  but  slightly 
diS'ercntiatcd  cells,  or,  as  in  Monora,  it  does  not  even  attain 
a  form  as  high  as  that  of  a  cell.  Bub  from  the  egg-cell  of 
all  other  animals  two  primitive  gorm-lnyers  firet  proceed, 
the  outer,  animal  layer  (Ectodcrq)  or  Exoderm),  and  tbo 
inner,  or  vegetative  layer  (Entoderm),  and  from  these  the 
various  tissues  and  organs  arise.  This  is  equally  true  of 
Sponges,  of  the  other  Plant-animals,  and  of  Wonua  ;  it  is  && 
true  of  Soft-bodied  animals  (Mollusca).  Star-animals  (PJcAin- 
ocUr-ma),  and  Articulates  {Artkropoda),  as  of  Vertebrates. 
All  these  animals  may  be  comprised  under  the  head  of 
Intestinal  Animals  (Metazoa),  in  distinction  from  the 
Primieval  Animals  (Ptviozoa),  which  have  no  intestina 

It  ia  perhaps  more  correct  not  to  place  the  Protoioa 
among  the  true  animals  at  all,  hut  to  class  them  in  the 
neutral  kingdom  of  the  Protista,  those  humblest  prim^pval 
beings  which  are  neither  true  animals  nor  true  planta 
According  to  this  view  the  Metazoa  can  alone  be  considered 
as  true  animals,  and  tha  origin  from  two  primary  germ- 
layers  may  tie  held  to  foiin  the  primaiy  character  of  tie 
animal  kingdom. 
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In  the  lowest  forms  of  Metazoa^  the  body  consists 
th-^ughout  life  of  these  two  primary  germ-layers.  But  in 
all  higher  Intestinal  Animals,  each  of  these  forms  by 
cleavage  two  other  layers,  so  that  the  body  is  thenceforward 
composed  of  four  secondary  germ-layers.  In  my  "  Gastrsea 
Theory  "  (1873),  I  have  tried  to  show  the  general  homology 
of  these  four  layers  in  all  Metazoa,  and  I  have  pointed  out 
Oie  important  bearing  of  this  fact  on  the  natural  system  of 
ihe  ^riiitnL}  kingdom.^ 

But  though  the  most  important  facts  in  the  individual 
evolution  of  the  human  and  animal  body  had  been  suffi- 
ciently established  by  these  advances  in  Animal  Ontogeny, 
yet  the  most  difficult  task  remained, — ^namely,  the  discovery 
of  the  causes  by  which  the  evolution  of  organisms  and  the 
production  of  their  forms  is  effected.  The  real  mechanical 
causes  of  individual  evolution  were  first  explained  in  1859, 
in  Darwin's  work,  in  which  the  facts  of  Heredity  and 
Adaptation  were  for  the  first  time  scientifically  discussed, 
and  their  bearing  on  Ontogeny  correctly  interpreted.  Only 
by  the  Theory  of  Descent,  and  by  the  aid  of  the  laws  of 
Heredity  and  Adaptation,  are  we  really  able  to  understand 
the  facts  of  individual  evolution,  and  to  explain  them  by 
efficient  causes.  This  is  the  point  in  which  the  Darwinian 
Theory  is  so  important  to  the  History  of  the  Evolution  of 
Man  and  to  the  immediate  connection  of  the  first  paii  of 
our  science,  Germ-history,  or  Ontogeny,  with  the  second 
;>art.  Tribal-history,  or  Phylogeny. 


CHAPTER   IV. 
THE  EARLIER  HISTORY  OF  PHYLOGENY. 

Jean  Lamabok. 

PliylogeDy  before  Darwin. — Origin  of  Species. — Karl  Linnnni^  Ideii  of 
Species,  and  Assent  to  Moses*  Biblical  History  of  Creation. — ^Tha 
Dclage. — Palax)ntology. — George  Cuyier's  Theory  of  Catastropliea.— 
Bepeated  Teirestrial  HeyolationF,  and  New  Creations. — LyelVa  Tlhsor} 
of  Continuity. — The  Natural  Causes  of  the  Constant  Modiftoatkn 
of  the  Earth. — Supernatural  Origin  of  Organisms. — Inimanuel  Kant's 
Dualistic  Philosophy  of  Nature. — Jean  Lamarck. — ^Monistio  Philosophy 
of  Nature. — The  Story  of  his  Life.-— His  PhilosophU  Zoologique. — First 
Scientific  Statement  of  the  Doctrine  of  Descent.  —  Modification  of 
Organs  by  Practice  and  Habit,  in  Conjunction  with  Heredity. — Applica* 
tion  of  the  Theory  to  Mnn. — Descent  of  Man  from  the  Ape. — Wolfgang 
Goethe. — His  Studies  in  Natural  Science. — His  Morphology.  —  His 
Studies  of  the  ''Formation  and  Transformation  of  Organisms."" 
Gocthe's  Theory  of  the  Tendency  to  Specific  Difler«nccs  (Heredity 
and  of  Metamorphosis  (Adaptation). 

**  It  would  be  aj\  easy  task  to  show  that  the  oharaoteristlcs  in  the  orgmii. 
zntion  of  man,  on  account  of  which  the  human  species  and  races  arc 
grouped  as  a  distinct  family,  are  all  results  of  former  changes  cf  occu- 
pation, and  of  acquired  habits,  which  have  come  to  be  distinctive  of  indi- 
viduals of  his  kind.  When,  compelled  by  circumstances,  the  most  highly 
developed  apes  accustomed  themselves  to  walking  erect,  they  gained 
the  ascendant  over  the  other  animals.     The    absolute  advEntage  ihiej 
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enjojed,  and  ibe  new  requirements  imposed  on  them,  made  tbem  obange 
their  mode  of  life,  which  resnlted  in  the  gradual  modification  of  their 
organisation,  and  in  their  acquiring  many  new  qualities,  and  among  tkem 
the  wonderful  power  of  speech." — Jean  Laiurck  (1809). 

Those  researches  into  the  history  of  the  individual  evolution 
of  man  and  animals,  the  history  of  which  we  surveyed  in 
the  last  two  chapters,  had  until  recently  hardly  any  other 
object  than  that  of  practically  determining  the  changes  of 
form  undergone  by  the  oiganism  in  the  course  of  its  growth. 
But  until  within  the  past  fifteen  years,  no  one  dared  to 
seek  for  the  causes  of  these  phenomena.  During  the  entire 
century,  from  the  year  1759,  the  date  of  the  publication  of 
WolflTs  Theoria  Oenerationia,  imtil  the  year  1859,  when 
Darwin  published  his  "  Origin  of  Species,"  the  causes  of 
the-  evolution  of  the  germ  remained  entirely  hidden. 
During  the  whole  century  nobody  thought  of  seriously  ex- 
amining the  real  causes  of  the  changes  of  form  which  take 
place  in  the  evolution  of  the  animal  organism.  Indeed, 
the  task  was  looked  upon  as  so  difficult  that  it  entirely 
surpassed  the  powers  of  human  comprehension.  It  was 
reserved  for  Charles  Darwin  to  declare  all  these  causes. 
We  may  therefore  point  to  this  gifted  naturalist,  who, 
in  other  respects,  has  effected  a  complete  revolution 
throughout  the  whole  range  of  Biology,  as  the  founder  of 
a  new  era  in  the  field  of  Ontogeny  also.  It  is  true  that 
Dam'in  himself  has  not  really  entered  very  deeply  into 
embryological  investigations,  and  even  in  his  well-known 
chief  work  on  the  phenomena  of  individual  evolution  has 
but  casually  touched  upon  these,  yet,  by  his  reform  of  the 
Theory  of  Descent,  and  by  constructing  what  he  has  named 
the  Theory  of  Selection,  he  hcs  placed  in  our  hands  the 
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means  of  tracing  the  causes  of  the  Evolution  of  Fonn&  It 
seems  to  me  that  it.  is  in  this  respect  that  this  great  natoralisk 
has  had  such  an  extraordinary  effect  on  the  entire  subject  of 
the  History  of  Evolution. 

In  glancing,  as  we  must  now  do,  at  the  last  period,  but 
just  begun,  of  ontogenetic  reseiurch,  we  enter  at  the  same 
time  into  the  second  division  of  the  History  of  Evolu- 
tion, namely,  the  History  of  the  Descent,  or  Tribe 
(Phylogeny).  In  the  first  chapter  I  drew  attention  to 
the  exceedingly  important  and  intimate  causal  connec- 
tion which  exists  between  these  two  main  branches  of  the 
Histoiy  of  Evolution, — that  of  the  individual,  and  that  of 
his  ancestors.  We  stated  this  connection  in  the  funda- 
mental Law  of  Biogeny :  the  brief  Ontogeny,  or  the 
Evolution  of  the  Individual,  is  a  swift  and  contracted 
reproduction,  a  compressed  recapitulation,  of  the  Phylogeny, 
or  the  Evolution  of  the  Specica  This  proposition  in  reality 
comprises  everything  essentially  relating  to  the  causes  of 
evolution,  and  we  shall  try  everywhere,  in  the  course  of 
these  chapters,  to  establish  it,  and  to  uphold  its  truth, 
by  adducing  actual  facts  in  proof  The  meaning  of  this 
fundamental  Law  of  Biogenj%  in  relation  to  this  causal 
significance,  is  perhaps  yet  better  expressed  as  follows: 
"  The  evolution  of  the  species,  or  tribes  (phyla),  contains^ 
in  the  functions  of  heredity  and  adaptation,  the  determin- 
ing cause  of  the  evolution  of  individual  organisms;"  or, 
quite  briefly:  "Phylogeny  is  the  mechanical  cause  oi 
Ontogeny." 

It  is  owing  to  Darwin  that  we  are  now  able  to  trace 
the  causes  of  individual  evolution,  which  were  previously 
deemed  quite  unapproachable,  and  to  understand  their  real 
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lature ;  we  therefore  give  his  name  to  the  new  era  of  the 
Sistory  of  Evolution.  But  before  considering  the  grand 
iiacovery  by  means  of  which  Darwin  enabled  us  to  under- 
"tand  the  causes  of  evolution,  we  must  glance  rapidly  at  the 
efforts  made  by  earlier  naturalists  in  the  same  direction. 
rhe  historical  survey  of  these  endeavours  will  be  much 
shorter  even  than  that  of  the  labours  in  the  field  of  On- 
togeny. There  are  really  but  few  names  to  be  mentioned. 
A.t  the  head  stands  the  great  French  naturalist,  Jean 
Lamarck,  who,  in  1809,  for  the  first  time  gave  a  scientific 
value  to  the  so-called  Theory  of  Descent.  But  even  before 
this,  the  most  important  German  philosopher,  Kant,  and 
the  greatest  German  poet,  Goethe,  had  both  entertained 
the  idea.  During  the  previous  half-century,  however,  their 
statements  on  this  matter  remained  almost  unnoticed.  It 
was  only  in  the  commencement  of  our  century  that  "Natural 
Philosophy  "  took  up  the  question.  Previously  no  one  even 
dared  to  inquire  seriously  into  the  Origin  of  Species,  which, 
properly  speaking,  is  the  culminating  point  of  the  History 
of  Descent,  or  Phylogeny. 

The  entire  Phylogeny  of  Man,  and  also  of  other  animals, 
18  most  intimately  connected  with  the  question  as  to  the 
nature  of  species,  and  with  the  problem,  how  the  distinct 
kinds  of  animals,  which  in  systems  are  called  species,  really 
originated.  The  idea  of  species  occupies  the  foreground 
This  idea  was  first  presented  by  Linnaeus,  who,  in  1735, 
in  iis  SysteTna  Naturce,  attempted  the  first  accurate  dis- 
crimination and  nomenclature  of  animal  and  vegetable 
species,  and  made  a  systematic  list  of  the  species  then 
known.  Since  that  time  species  has  retained  its  place 
in  descriptive  Natural  Historj'',  in  systematic  Zoology  and 


74  ^^HE  EVOLUnOS  OF  MAS. 

Botany,  as  the  most  important  ooDective  term,  altliOQgh 
incessant  strife  has  been  waged  as  to  the  particular  meaning 
of  the  tenn.  Linnaeus  himself  gave  no  dear,  scientific  defi- 
nition of  the  real  nature  of  organic  kind,  or  spedea  On  the 
contrary,  he  took  as  a  basis  the  mythological  views  of  this 
subject,  which  the  prevailing  religious  "  faith,"  grounded  on 
the  Mosaic  Hiittory  of  Creation,  had  introduced,  and  which 
are  even  now  very  generally  maintained.  He  even  adhered 
directly  to  the  Mosaic  History  of  Creation,  and  assumed 
that,  as  it  is  written  in  Genesis  **  male  and  female  created 
he  them,"  there  had  originally  been  but  one  pair  of  each 
animal  and  vegetable  kind,  or  spedes.  He  supposed  that 
all  the  individuals  of  a  kind  were  descendants  of  the 
original  pair  created  on  the  sixth  day  of  Creation.  Lin- 
naeus held  that  only  a  single  individual  was  created  of 
those  organisms  which  are  hermaphrodite,  that  is,  which 
unite  in  their  bodies  both  sexual  organs,  for  these  already 
possessed  in  themselves  the  qualifications  for  propagating 
their  own  species.  In  further  developing  these  mytho- 
logical ideas,  Linnaeus  adhered  to  the  Mosaic  account 
and  utilized  the  so-called  "  Deluge,"  and  the  myth  of  the 
ark  of  Noah  connected  with  it,  to  explain  the  choiology 
of  organisms,  the  doctrine,  that  is,  of  the  geographical  and 
to])ographical  distribution  of  animal  and  vegetable  speciea 
In  harmony  with  Moses  he  assumed  that  all  plants,  ftnirni^la, 
and  human  beings  had  been  destroyed  by  the  Deluge,  with 
the  exception  of  a  single  pair,  which  was  saved  in  the  ark 
to  perpetuate  the  species,  and  which  was  put  on  land  on 
Mount  Ararat  after  the  waters  had  subsided.  Mount 
Ararat  seemed  to  him  specially  adapted  for  this  disembark- 
ation, because  it  is  in  a  warm  climate  and  rises  to  a  height 
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of  more  than  sixteen  thousand  feet,  so  that  in  its  sevei^al 
sones  of  elevation  it  possessed  all  the  climates  necessary 
for  the  preservation  of  the  various  species  of  animals.  The 
animals  used  to  a  cold  climate  could  climb  to  the  highest 
parts  of  the  mountain ;  those  accustomed  to  a  warm  climate 
could  descend  to  the  foot ;  and  those  from  temperate  zones 
could  occupy  the  intermediate  portions.  From  this  moun- 
tain the  animal  and  vegetable  species  could  spread  anew 
over  the  face  of  the  earth.*^ 

A  scientific  development  of  the  History  of  Creation  wa» 
impossible  in  the  time  of  Linnaeus,  because,  among  other 
reasons,  the  science  of  petrifactions,  or  Palaeontology,  one 
of  its  principal  bases,  did  not  as  yet  exist.  This  science 
of  petrifactions,  or  of  the  remains  of  extinct  animals  and 
plants,  is  most  intimately  connected  with  the  whole 
History  of  Creation.  Without  reference  to  it,  it  is  impos- 
sible to  answer  the  question  as  to  the  manner  in  which  the 
animals  and  plants  now  in  existence  came  into  being.  But 
the  knowledge  of  these  petrifactions  arose  in  much  later 
times,  and  the  real  founder  of  Palaeontology,  as  a  science, 
was  the  eminent  zoologist,  George  Cuvier,  who  followed 
Linnaeus  in  constructing  a  System  of  Animals,  and  who, 
ill  the  beginning  of  this  century,  brought  about  a  com- 
plete reform  of  Systematic  Zoology.  The  influence  of  this 
celebrated  naturalist,  who  displayed  an  especially  great 
power  with  extraordinary  results  during  the  first  thirty 
gpars  of  this  century,  was  so  great  that  he  opened  new 
paths  in  almost  every  branch  of  Zoology,  but  especially  in 
Classification,  Comparative  Anatomy,  and  Palaeontology. 
It  is,  therefore,  important  to  glance  at  his  views  of  the 

nature  of  species.     Li  this  respect  he  followed  Linnaeus  and 
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jf  Cirasaira.  t&u*^  it  vas  Toy  diffieolt 
fir  lizL  mC  i:  s:  m.  &»:i=n  of  t}ke  ki»vledlge  which  he  had 
If  ::ts^  ^"^fc."  :':rr^  Hi:  wms  the  fiisi  to  show  dearij 
i:  im  &  z.'z^'sr  :c  i*:c^v  diSsrem  sexies  of  inhmfaitantB  had 
I>^i  CG  ccr  p>:*&  H^e  &£o  s^wed  that  we  must  dii- 
tii^rnisL  as  1=sl£S  icsi  ac  fneiai  di^ezent  nmn  periods  in  the 
li>M*rr  r£  ibr  e&riL  euh  of  vhi^h  exhibits  a  series  of 
^-  --rVg  ^n-i  p^i^is  cf  hs  owD.  pecufiar  to  itself 

C*:  c:-:irse.  Ciivi^  wl§  at  ODce  o»firoated  with  the  qnes- 
riiiL  wbriKe  ih^:Sc:  vari-i^as  series  of  inhabitants  had  c(»De^ 
and  whriLer  thrT  Lad  anv  oonnection  with  each  otha*. 
He  answere*!  this  :::itsd:-n  n^^atiTelv,  and  maintained  that 
these  several  ~  a>»:i:ns '"  were  totally  independent  of  each 
•>:her :  hriiL>e.  ila:  the  suprmararal  act  of  creation  by  which, 
accopjing  to  the  i>=T>E-ivel  account  of  creation,  the  animal 
ar*l  vegetable  sr-ecies  came  into  being,  was  repeated  seTeral 
times.  C:'nse»|uently.  a  series  of  quite  distinct  periods  of 
creation  must  have  f.'l!  jwe«J  one  another,  and  in  connection 
with  them  there  must  have  occurred  several  vast  alterations 
of  thewhole  surface  of  the  eanh. — ^revolutions  and  catacl}*8iii8 
similar  to  the  mythical  Flood.  These  catastrophes  and 
m-Leavals  were  favourite  subjects  with  Cuvier ;  especially 
as  at  that  time  the  science  of  geology  was  also  beginning 
V)  move  greatly,  and  made  rapid  progress  towards  a  know- 
ledge of  the  structure  and  origin  of  the  earth.  Others. 
especially  the  geologist  AVemer  and  his  school,  were  occupied 
in  carefully  cxamiuin;::  the  various  la  vers  of  the  crust  of  tbt 
j.arth,  and  systematically  investigating  the  fossils  found 
in  these.  Tlie  result  of  their  researches  also  was  the  recog- 
nition of  several  periods  of  creation.  The  inorganic  crust 
of  tlio  earth,  the  stratified  surface,  bore  evidence  of  having 
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been  just  as  different  at  eveiy  period  as  were  the  animals 
and  plants  then  inhabiting  it.  Combining  this  view  with  the 
results  of  his  own  palseontological  and  zoological  researches, 
and  striving  to  understand  clearly  the  whole  course  of  the 
evolution  of  Creation,  Cuvier  arrived  at  the  hypothesis 
usually  called  the  Theory  of  Cataclysms  or  Catastrophes,  or 
the  Doctrine  of  Violent  Upheavals.  According  to  it  several 
revolutions  occurred  on  our  earth  at  certain  times,  suddenly 
destroying  every  living  inhabitant ;  and  at  the  end  of  each 
of  these  catastrophes  an  entirely  new  creation  of  organisms 
took  place.  But  as  the  latter  cannot  be  conceived  as 
having  been  effected  wholly  by  natural  means,  we  must 
suppose,  in  explanation,  that  the  Creator  supematurally 
interfered  in  the  natural  course  of  things.  This  Doctrine  of 
Revolutions,  treated  by  Cuvier  in  a  separate  work,  which 
has  been  translated  into  several  modern  languages,  was 
soon  generally  accepted,  and  for  half  a  century  continued 
to  prevail  among  biologists;  there  are  even  yet  a  few 
prominent  naturalists  who  advocate  it. 

It  is  true  that  more  than  forty  years  ago  Cuvier's 
Doctrine  of  Catastrophes  was  altogether  renounced  by 
geologists ;  and  first  of  all  by  the  English  geologist,  Charles 
Lyell,  the  most  important  authority  in  this  branch  of 
natural  science.  As  early  as  the  year  1830,  in  his  famous 
"Principles  of  Geology,"  he  proved  that  that  doctrine  is 
utterly  false  so  far  as  the  crust  of  the  earth  itself  is  con- 
cerned ;  and  he  showed  that  in  order  to  explain  the  structure 
and  evolution  of  mountains,  there  is  no  need  of  havinjr  re- 
course  to  supernatural  causes  or  universal  catastrophes.  On 
the  contrary,  the  ordinary  causes  which  even  now  unceasingly 
effect  the  transformation  and  reconstruction  of  the  eanh,  are 
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amply  sufficient  to  explain  these  pheDomena.  These  cauees 
are:  atmospheric  influences;  water  in  its  various  forms — 
such  as  snow  and  ice,  fog  and  rain,  the  ntiuiing  stream 
and  the  surging  aea,;  and  finally,  the  volcanic  phenomena 
contributed  by  the  hot  liquid  mass  in  the  Interior  of  tfao 
^arth.  The  most  convincing  proof  was  furnished  by  Lyeli. 
tliat  these  natural  causes  are  quite  suiSdent  to  explain  all  t)ic 
phenomena  of  the  stnictiire  and  development  of  the  crust 
of  the  earth.  The  geological  teaching  of  Cu%-ier  as  to  the 
revolutions  and  new  creations  was,  therefore,  soon  totallj' 
abandoned,  but  in  Biology  the  doctrine  prevailed  unopposed 
for  thirty  years  longer.  Zoologists  and  botanists,  as  far  as 
tlieyatall  permitted  theoiselves  to  think  on  the  origin  of 
organisms,  adhered  to  Cuvier'a  false  doctrine  of  repeated 
new  creations  and  re-formations  of  the  earth.  This  is  cer- 
tainly one  of  the  moat  curious  examples  of  two  closely 
related  sciences  long  pursuing  utterly  divergent  courses. 
One — Biology — remains  far  behind  in  the  dualistic  path, 
and  even  denies  the  possibility  of  solving  "questions 
ci'eation"  by  the  study  of  natural  phenomena.  The  oth* 
Geology — moves  far  ahead  in  tlje  monistic  path,  and  sol' 
those  very  questions  by  the  discovery  of  the  actual  causes. 

As  an  instance  how  utterly  biologists  refrained  from  in- 
quiries into  the  origin  of  organisms,  and  the  creation  of  thft 
animal  and  vegetable  species,  during  this  period  from 
to  1859, 1  mention,  from  my  own  experience,  the  fact  tl 
during  all  the  whole  course  of  my  studies  at  the  univetsil 
I  never  heard  a  single  word  on  these  most  important 
fundamental  questions  of  biologj-.     During  this  time, 
1852  to  1857, 1  had  the  good  fortune  to  listen  to  the 
ilistinguishcd   teachers   in  all   branches  of  the 
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organic  nature;  but  not  one  of  them  ever  spoke  of  this 
fundamental  point,  or  even  once  alluded  to  the  question  of 
the  origin  of  speciea  Not  a  word  was  ever  spoken  in 
reference  to  the  earlier  attempts  toward  understanding  the 
origin  of  the  animal  and  vegetable  species;  it  was  never 
thought  worth  while  to  allude  to  Lamarck's  valuable 
rkUosophie  Zoologique,  in  which  that  attempt  had  been 
made  in  the  year  1809.  The  enormous  opposition  which 
Darwin  met  with  when  he  first  took  up  this  question 
again  may,  therefore,  be  understood.  His  attempt  seemed 
at  first  to  be  unsubstantial  and  unsupported  by  previous 
labours.  Even  in  1859  tlie  entire  problem  of  creation,  the 
whole  question  of  the  origin  of  organisms,  was  considered 
by  biologists  as  supernatural  and  transcendental  Even  in 
speculative  philosophy,  in  which  this  question  should 
necessarily  be  approached  from  various  sides,  no  one  dared 
to  take  it  seriously  in  hand. 

The  dualistic  position  taken  by  Immanuel  Kant,  and  the 
extraordinary  importance  attached,  during  the  whole  of  this 
century,  to  this  most  influential  of  modem  philosophers, 
probably  ofier  the  best  explanation  of  the  last-mentioned 
fact.  For  while  this  great  genius,  equally  excellent  as  a 
naturalist  and  a  philosopher,  in  the  field  of  inorganic  nature 
aided  esaentially  in  constructing  a  "Natural  History  of 
Creation,*'  he  for  the  most  part  adopted  the  supernatural 
view  of  the  origin  of  organisma  On  the  one  hand,  Kant, 
in  his  "Universal  History  of  Nature  and  Theory  of 
the  Heavens,**  made  a  most  successful  and  important  "at- 
tempt to  treat  the  constitution  and  the  mechanical  origin 
of  the  entire  imiverse  according  to  Newtonian  principles,*' 
or,  in  other  words,  to  treat  it  mechanically,  to  conceive 
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it  inocistically :  and  this  attempt  of  liis  to  explain  tlic 
ori^n  of  the  entire  world  by  means  of  naturally  working 
causes  {caimx  tficicnU$),  foims  to  this  day  the  basis  of 
all  our  natural  cosmogony.  But,  on  the  other  hand,  Kant 
miiintained  that  tlie  "  principle  of  the  mechanism  of  natua> 
here  applied,  witliout  whicli,  after  all,  there  could  be  no 
science  of  natui-e,"  was  wholly  inadequate  to  explain  tbe 
phenomena  of  organic  nature,  and  esi«cially  the  ori^  ot 
organisms ;  that  it  was  necessary  to  assume  supematurai 
causes  eSecting  a  design  (eausue  finales)  for  the  origui  nf 
these  natural  bodies  constructed  with  design.  Indeed,  he 
even  went  so  far  as  to  assert  that  "  it  is  quite  certain 
we  cannot  become  adequately  acquainted  with  organizd 
beings,  and  thcdr  inner  possibilities,  by  purely  mechamcal 
principles  of  nature,  much  less  are  we  able  to  explain 
them  ;  and  that  this  is  so  much  the  case  that  we  may  boldly 
assei't  that  it  is  not  rational  for  man  even  to  enter  upon 
such  speculations,  or  to  expect  that  a  Newton  will  ever 
arise  who,  by  natural  laws  nob  ordered  by  deaign,  e&n 
render  the  production  of  a  blade  of  grass  intelligible ;  m 
fact,  we  are  compelled  utterly  to  deny  that  it  is  possible 
for  man  ever  to  reach  such  kuowludga"  lu  these  words 
Kant  most  definitely  declared  the  dualisttc  and  telcological 
standpoint  which  he  adopted  in  the  scienoe  of  organic 
nature. 

Kant  sometimes,  however,   departed   from   thia  sta 
point,  especially  in  some  %'ery  remarkable  parages  whifl 
I  have  discussed  at  some  length  in  the  fifth  chapter  of  a 
"  History  of  Creation,"  in  which  he  has  expressed  Mm 
in  quite  the  opposite,  or  monistic  sense.     With  roferpnos  i 
these  passages,  as  I  there  showed,  he  might  even  bo  d 
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an  adherent  of  the  Theory  of  Descent.  Several  very  sig- 
nificant expressions,  to  which  Fritz  Schultze,  in  his  interest- 
ing work  on  "  Kant  and  Darwin,^  has  lately  again  called 
attention,  actually  enable  us  to  recognize  Eant^  as  the 
earliest  prophet  of  Darwinism.  He  expresses  with  perfect 
cliomess  the  great  idea  of  an  all-embracing,  uniform  evolu- 
tion ;  he  assumes  "  a  variation  from  the  primitive  type  of 
the  tribe  as  the  result  of  natural  wandering."  He  even 
declares  that  man  originally  moved  on  four  feet,  and  that 
it  was  only  gradually  that  the  human  race  raised  their 
heads  proudly  over  those  of  their  old  comrades,  the  beasts. 
But  all  these  evidently  monistic  utterances  are  but  stray 
rays  of  light;  as  a  rule  Eant  adhered  in  Biology  to 
those  obscure  dualistic  notions  according  to  which  the 
powers  which  operate  in  organic  nature  are  entirely 
different  from  those  which  prevail  in  the  inorganic  world. 
This  dualistic,  or  two-sided  conception  of  nature  is  still 
dominant  in  school-philosophy;  most  philosophers  still 
consider  these  two  domains  of  natural  phenomena  as 
entirely  difierent.  On  one  side  is  the  field  of  inorganic 
nature,  the  so-called  "inanimate"  world,  where  only 
mechanical  laws  (cauace  efficientes)  are  supposed  to  operate, 
of  necessity  and  without  purposa  On  the  other  side  is 
the  field  of  "  animated  "  organic  nature,  all  the  phenomena 
of  which  in  their  profoundest  essence  and  first  origin  can 
be  made  inteUigible  only  by  assuming  pre-ordained  pur- 
poses, or  so-called  {causce  finalea)  causes  fulfilling  a  design. 

Although  the  question  of  the  origin  of  animal  and 
vegetable  species,  and  the  allied  question  as  to  the  creation 
of  man,  remained  imtil  the  year  1859  imder  the  sway  ot 
these  &lse  dualistic  prejudices,  and  were   very  generally 
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declared  to  be  a  subject  bevond  the  leadi  of  adentiiie 
knowledge,  yet  even  in  the'be;^miuig  €£  cor  oentuxy  there 
were  independent  eminent  minds,  who,  nndeterred  by  the 
prevailing  doctrines,  took  these  questions  quite  seriooslj  in 
band.  The  so-called  eailier  school  iji  Natural  Philosophy, 
which  has  so  often  been  abused,  deserves  the  highest  praise 
in  this  respect.  It  was  represented  in  France  by  Jean 
Lamarck,  Bufibn,  Geofiroy  St.  Hilaire;,  and  Ducrotay  BUun- 
ville;  in  Germany,  by  Wolfgang  Goethe^  Beinhold  Trevi* 
ranus,  Schelling,  and  Lorenz  Oken. 

The  gifted  naturalist  and  philosopher  who  must  here 
be  mentioned  first,  is  Jean  Lamarck.  He  was  bom  at 
Bazentin,  in  Picardy,  August  1,  1744,  and  was  the  son  of 
a  clergyman  who  destined  him  for  the  Church.  He,  how- 
ever, first  joined  the  army,  and  as  a  boy  of  sixteen  dis- 
tinguished himself  by  his  braver}^  in  the  battle  of  Lippstadt 
in  Westphalia,  which  resulted  unfavourably  for  the  French. 
Hq  was  then  stationed  for  several  years  in  a  garrison  in 
the  south  of  Franca  Here  he  became  acquainted  with 
the  interesting  flora  on  the  Mediterranean  coasts  which 
soon  won  him  over  to  the  study  of  botany.  He  resigned 
his  commission,  and  published,  as  early  as  the  year  1778, 
his  valuable  Flore  Frangaise.  For  years  he  could  gain  no 
Hciontific  position.  It  was  only  in  his  fiftieth  year,  in  1794, 
that  he  obtained  a  poor  professorship  of  zoology  at  the 
museum  of  the  Jardin  de  Plantea  in  Paris.  His  position 
caused  him  to  enter  more  deeply  into  the  study  of  zoology, 
towards  the  classifj cation  of  which  his  labours  were  as 
valuable  and  important  as  those  which  he  had  dedicated 
to  systematic  botany.  In  1802  he  published  his  Considirch 
tiotui  8ur  lea  cor2>8  vlvants,  which  contains  the  first  germs  of 
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his  Theory  of  Descent.  In  1809  appeared  the  important 
Philo9ophie  Zoologique,  the  principal  work  in  which  he 
elaborated  this  theory.  In  1815  he  gave  to  the  world  his 
oomprehaisive  treatise  on  the  Natural  Histoiy  of  Inver- 
tefarates  {Histoire  natwrelle  des  anvmaux  sans  vertibres), 
in  the  Introduction  to  which  the  same  theory  is  again 
developed.  About  this  time  Lamarck  entirely  lost  his  eye- 
sight. Grudging  fate  never  favoured  him.  While  his 
principal  opponent,  Cuvier,  was  lucky  enough  to  gain  an 
influential  position  and  the  highest  rank  of  scientific  fame 
in  Paris,  Lamarck,  who  far  surpassed  Cuvier  iu  clear  and 
high-minded  conception  of  nature,  was  obliged  to  struggle 
in  lonely  seclusion  for  the  very  nece&saries  of  life,  and  could 
obtain  no  recognition.  In  1829  his  laborious  life  closed  in 
the  midst  of  the  most  needy  circumstances.^ 

Lamarck's  PhUoaophie  Zoologique  was  the  first  scientific 
outline  of  a  real  history  of  the  evolution  of  Species,  a 
natural  history  of  the  creation  of  plants,  animals,  and 
men.  The  efiect  produced  by  this  remarkable  and  im- 
portant book  was,  like  that  of  WolflTs,  none :  neither  was 
understood.  No  naturalist  felt  called  upon  to  interest  him- 
self seriously  in  this  book,  and  to  forward  the  development 
of  the  rudiments  of  the  most  valuable  progress  in  Biology 
which  it  laid  down.  The  most  eminent  botanists  and 
zoologists  threw  the  book  entirely  aside,  and  did  not  con- 
sider it  worth  refuting.  Cuvier,  who  taught  and  laboured 
in  Paris  as  a  contemporary  of  Lamarck,  in  his  account  of 
the  progress  made  in  Natural  Science,  in  which  the  most 
insignificant  observations  were  mentioned,  did  not  deem  it 
worth  while  to  devote  a  syllable  to  this  the  greatest  advance. 
In  sbortj  Lamarck's  Zoological  Philosophy  shared  the  fate 
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of  WolfTfi  Theory  of  Evolution,  and  vras  ignored  for  half  I 
century.  Even  Oken  and  Goethe,  the  German  natun 
philosophers,  who  were  simultaneously  employed  in  similar 
apeculations,  do  not  appt-ar  to  have  been  aware  of  Lajnarck's 
work.  Had  they  known  it,  it  would  have  been  a  great 
help  to  them,  and  they  woidd  have  worked  out  the  Theoq 
of  Evolution  to  a  point  bo^'ond  that  wliieh  was  ( 
possible  to  them. 

To  enable  my  readers  to  judge  of  the  great  value  of  tl 
PhilosojJiie  Zooiogique,  I  shall  here  briefly  mention  s 
the  most  important  of  Lamarck's  ideaa.  According  to  hiiql 
there  is  no  essential  diderence  between  animate  and  im 
mate  nature ;  all  nature  is  a  single  world  of  connecbe 
phenomena,  and  the  same  causes  which  form  and  tra 
form  inanimate  natural  bodios  are  alone  those  which  are  f 
work  in  animate  nature.  Hence,  we  must  apply  the  s 
niethode  of  investigation  and  explanation  to  both.  Life  is 
only  &  physical  phenomenon.  The  conditions  of  internal 
and  external  form  of  all  organiams — plants  and  animals, 
with  man  at  their  head — are  to  bo  eicplaincd,  like  tJiose  of 
minerals  and  ottier  inanimate  natural  bodies,  only  by 
natural  causes  {causce  effi.cicntea),  without  the  addition  of 
purposive  causes  {causce  finales).  The  same  is  true  of  the 
origin  of  the  various  species,  Without  contradicting  nature, 
<re  can  neither  assume  for  them  one  original  act  of  crea- 
tion, nor  repeated  new  creations  as  implied  in  Cuvier'a 
Doctrine  of  Catastrophes, — but  only  a  natural,  uninterrupt«d, 
and  necessary  evolution.  The  entire  course  of  the  evolu- 
tion of  Uie  earth  and  its  inhabitants  is  continuous  and 
connected.  Alt  the  various  species  of  animals  and  plants 
which  we  now  see  around  u^,  or  which  ever  existed,  have 
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developed  iu  a  natural  manner  from  previously  existing, 
different  species ;  all  are  descendants  of  a  single  ancestral 
form,  or  at  least  of  a  few  common  forms.  The  most  ancient 
ancestral  forms  must  have  been  very  simple  organisms  of 
the  lowest  giade,  and  must  have  originated  from  inorganic 
matter  by  means  of  spontaneous  generation.  Adaptation 
through  practice  and  habit,  to  the  changing  external  condi- 
tions of  life,  has  ever  been  the  cause  of  changes  in  the  nature 
of  organic  species,  and  Heredity  caused  the  transmission  of 
these  modifications  to  their  descendants. 

These  are  the  principal  outlines  of  the  theory  of 
Lamarck,  now  called  the  Theory  of  Descent  or  Transmuta- 
tion, and  to  which,  fifty  years  later,  attention  was  again 
called  by  Darwin,  who  firmly  supported  it  with  new  proofs. 
Lamarck,  therefore,  is  the  real  founder  of  this  Theory  of 
Descent  or  Transmutation,  and  it  is  a  mistake  to  attribute 
its  origin  to  Darwia  Lamarck  was  the  first  to  formulate 
the  scientific  theory  of  the  natural  origin  of  all  organisms, 
including  man,  and  at  the  same  time  to  draw  the  two  ulti- 
mate inferences  from  this  theory:  firstly,  the  doctrine  of 
the  origin  of  the  most  ancient  organisms  through  spon- 
taneous generation;  and  secondly,  the  descent  of  Man 
from  the  Mammal  most  closely  resembling  Man — ^tlie  Ape. 

Lamarck  attempted  to  explain  the  latter  process,  a  most 
important  one,  and  of  special  interest  to  us  here,  by  the 
same  efficient  causes  to  which  he  had  also  referred  the 
natural  origin  of  animal  and  vegetable  species.  He  con 
sidered  that,  on  the  one  hand,  practice  and  habit  (Adapta- 
tion), and,  on  the  other,  Heredity,  are  the  most  important 
of  these  causes.  The  chief  modifications  of  the  organs 
of  animals  and  plants  result,  according  to  him,  from  the 
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runctions  or  actions  of  the  organs  tbemselves,  from 
exercise  or  absence  of  exercise,  the  use  or  disuse  of  thes 
organs.  To  mention  examples,  the  Woodpecker  and  tbs 
Humming-bird  owe  their  peculiarly  long  tongue  to  their 
habit  of  using  these  organs  to  take  their  food  out  ol 
narrow  and  deep  crevices;  the  Frog  acquired  a  web  between 
its  toes  from  the  motions  of  swimming;  the  Giraffe  gained 
its  long  neck  by  stretching  it  up  to  the  branches  of  trees. 
Habits,  the  use  and  disuse  of  organs,  are  certainly  of  the 
greatest  importance  as  efficient  causes  of  organic  form  ;  but 
they  arc  insufficient  to  explain  the  modification  of  speciea 
As  a  second  and  equally  important  cause,  Lamarck  fully 
perceived  that  Heredity  must  necessarily  co-operate  with 
Adaptation.  He  maintained  that  the  varialiona  of  orgxns 
arising  from  habit  or  use  are  in  themselvoa  at  first  but 
iusignitieant  in  each  separate  individual ;  but  that  by  the 
accumulation  of  the  eflcctB  produced  in  each  individual, 
transmitted  from  generation  to  generation  in  an  ever  increaa- 
ing  number,  they  become  very  significant  This  was  quite 
a  correct  fundamental  idea ;  but  Lamarck  did  not  reach  the 
principle  which  Darwin  subsequently  introduced  as  the 
most  impoi-tant  factor  in  the  Tlieoiy  of  Transmutation, 
namely,  the  princip'e  of  Natural  Selection  in  the  Stmggla 
for  Existenca  Lamarck  failed  to  discover  this  most  im- 
portant causal  relation,  and  this,  together  with  the  low 
condition  of  all  biological  sdcnces  at  that  time,  prevented 
him  from  more  fimdy  establishing  his  theory  of  the  o 
descent  of  animab  and  man. 

Lamarck  also  attempted  to  explain  the  evolution  of  Ml| 
from  the  Ape,  as  principally  due  to  the  progress  made  1 
the  Ape  in  its  habits  of  life,  the  further  development  a 
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increased  use  of  its  organs,  and  to  the  fact  that  it  trans- 
mitted the  improvements  thus  acquired  to  its  descend- 
ants. Lamarck  considered  the  most  important  of  these  ad- 
vantageous variations  to  be  the  erect  gait  of  Man,  the  differ- 
ing form  of  the  hands  and  feet,  the  growth  of  language, 
and  the  correlative  higher  development  of  the  brain.  He 
assumed  that  the  Apes  most  closely  akin  to  Man,  those 
which  became  the  ancestors  of  mankind,  made  the  first 
step  toward  becoming  human  when  they  gave  up  the  habit 
of  climbing  and  living  on  trees,  and  accustomed  themselves 
to  an  upright  gait.  This  resulted  in  the  carriage  peculiar 
to  Man  and  in  the  reconstruction  of  the  spinal  column  and 
pelvis,  as  well  as  in  the  specialization  of  the  two  pairs  of  limbs 
— ^the  fore  pair  developing  into  hands  for  the  purpose  of 
grasping  and  touching,  while  the  hind  pair  were  used  only 
for  walking,  and  thus  developed  into  true  feet.  In  con- 
sequence of  the  totally  changed  mode  of  life  and  of  the 
correlation  and  interrelation  of  the  various  parts  of  the 
body  and  their  functions,  impoi-tant  chaDges  occurred  also 
in  other  organs  and  their  functions.  The  change  of  food, 
for  example,  caused  a  change  in  the  jaws  and  teeth,  and, 
consequently,  in  the  entire  formation  of  the  face.  The  tail, 
no  longer  used,  gradually  disappeared.  As  these  Apes  lived 
together  in  societies  and  acquired  regulated  family  relations, 
such  as  are  still  found  among  the  higher  classes  of  Apes,  the 
social  habits,  or  so-called  "  social  instincts,"  were  especially 
developed  The  Ape's  language  of  more  soimds  grew  into 
the  word-language  of  Man,  and  abstract  ideas  were  accu- 
mulated from  concrete  impressions.  The  brain  gradually 
developed  in  correlation  with  the  larynx  ;  the  organ  of  the 
mind  in  interrelation  with  that  of  speech.     These  impoi*tant 
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ideas  of  Lamarck  contain  tlie  first  and  oldest  genos  of  J 
real  history  of  the  human  ti-ibe. 

Toward  the  cad  of  the  preceding  and  the  beginning 
of  this  century,  the  great  [Met  Goethe,  whose  geniai 
was  of  the  highest  or<ler,  busied  himself,  independently  of 
Lamarck,  with  the  problem  of  creation,  and  bis  thoughts 
on  this  subject  are  of  special  interest  It  is  well  known 
that  Goethe's  ready  recognition  of  all  the  beauties  of 
Nature,  and  his  deep  insight  into  hei"  workings,  early 
attracted  him  to  natural  scientific  studies  of  the  most 
various  kinds.  Throughout  his  life  these  formed  the 
favourite  occupation  of  hia  leisure  hours.  Tbe  theory  of 
colours  especially  resulted  in  hia  well-known  and  compre- 
hensive work  on  this  subject ;  but  the  moat  valuable  and 
important  of  Goethe's  natural  scientific  studies  are  those  in 
connection  with  organic  bodies,  with  "  Life,  that  splendid, 
priceless  thing."  In  Morphology,  the  doctrine  of  forms, 
he  made  most  unusually  deep  reacardies.  Aided  by  Com- 
parative Anatomy,  be  obtained  most  brilliant  results  in 
tills,  and  went  far  in  advance  of  his  time.  His  cranial 
theory,  his  discovery  of  the  tem]>oral  jawbone  in  man,  and 
his  doctrine  of  the  metamoriihosis  of  jilants,  must  be  espe- 
cially  mentioned  here.**  These  morphological  studies  led 
Goethe  to  make  those  researches  into  the  formation  and 
transformation  of  organisms  which  we  must  rank,  after  thoi 
of  Lamarck,  among  the  oldest  and  profoundcst  rudin 
of  pliylogencticol  science.  He  came  so  near  the  Theory  ( 
Descent  that  he  must  be  classed  with  Lamarck  among  the 
founders  of  it.  It  is  true  that  Goethe  has  nowhere  g^veu 
a  connected  scientific  exposition  of  his  theory  of  evolutionij 
but  his  brilliant  miscellaneous  writings,".^ur  Morji/ioUyjieM 
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abound  in  most  excellent  ideas.  Some  of  them  may  indeed 
be  caUed  the  rudiments  of  the  Theory  of  Descent  In 
proof  of  this  it  is  sufficient  to  adduce  some  of  his  most 
I'emarkable  propositions.  He  says :  "  This,  then,  is  what  wc 
have  gained,  fearlessly  to  assert  that  the  more  perfect  natural 
organisms,  such  as  Fishes,  Amphibia,  Birds,  Mammals,  and 
Man  at  the  head  of  the  last^  have  been  foiined  after  one 
primordial  type,  the  very  permanent  parts  of  which  only 
vary  a  little  one  way  or  another,  and  which  in  the  course 
of  reproduction  is  still  being  remoulded  and  perfected" 
(1796).  This  "  primordial  type  "  of  Vertebrates,  after  which 
Man  also  has  been  shaped,  answers  to  what  we  call  "  the 
common  ancestral  form  of  the  vertebrate  tribe,"  and  from 
which  all  the  various  species  of  Vertebrates  have  arisen  by 
constant  "development,  variation,  and  reproduction."  In 
another  passage  Goethe  says  (1807) :  "Plants  and  animals, 
regarded  in  their  most  imperfect  condition,  are  hardly  dis- 
tinguishable. This  much,  however,  we  may  say,  that  from 
a  condition  in  which  plant  is  hardly  to  be  distinguished 
from  animal,  creatures  have  appeared,  gradually  perfecting 
themselves  in  two  opposite  directions, — the  plant  is  finally 
glorified  into  the  tree,  enduring  and  motionless,  the  animal 
into  the  human  being,  of  the  highest  mobility  and  free- 
dom." 

That  Goethe,  in  these  and  other  utterances,  did  not 
tspeak.  merely  figuratively,  that  he  grasped  the  internal 
relation  and  connection  of  organic  foims  in  a  genealogical 
sense,  is  yet  more  evident  in  remarkable  separate  passages  in 
^hich  he  declares  himself  as  to  the  causes  of  the  external 
multiplicity  of  species,  on  the  one  hand,  and  of  the  internal 
unity  of  their  structure  on  the  other.     He  assumed  that 
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every  organiam  is  the  product  of  the  co-operation  of  Iw 
contrary  constructive  forces,  or  formative  tendencica. 
the  internal  formative  tendency,  "the  centripetal  force," 
that  of  the  type,  or  "the  tendency  toward  specification," 
which  constantly  aims  at  maintaining  uniform  the  organic 
forms  of  the  species  in  the  series  of  generations.  Tfils  is 
Heredity.  The  other,  the  external  formative  tendency. 
"  the  centrifugal  forfe,"  ia  variation,  or  "  the  tendency 
toward  metamorphosis,"  which  acts,  through  the  continual 
changes  made  in  the  external  conditions  of  their  existence, 
so  aa  continually  to  vary  the  speciea.  This  is  Adapta*  ■ 
tion. 

In  this  significant  conception,  Goethe  very  nearly  coH'*^ 
ceived  the  two  great  mechanical  factors,  Heredity  and  Adap- 
tation, which  are,  we  assert,  the  most  important  efficient 
causes  of  the  formation  of  species.  For  example,  he  says, 
that  "at  the  foundation  of  all  organization  there  ia  i 
original  intrinsic  kinship  "  (which  is  Heredity) ;  "  the  vorietjij 
of  forms,  however,  is  due  to  the  conditions  of  relation  ' 
aeceasarily  held  to  the  external  world,  on  account  of  which 
we  may  properly  assume,  for  the  purpose  of  explaining  the 
present  forms,  which  are  both  varied  and  unvaried,  that 
tliere  was  diveraity,  originally  and  simultaneously,  and  that 
a  progressive  transformation  ia  continually  going  oa" 
(which  is  Adaptation). 

In  order  rightly  to  appreciate  Goethe's  morphological 
views  it  is,  however,  necessary  to  grasp  the  connection  ■ 
between  the  whole  peculiar  course  of  Ids  monistic  study  oil 
nature  and  his  pantlieistic  conception  of  the  world  Mosta 
significant  in  tliis  respect  is  the  lively  and  warm  inturcstll 
with   which   he  followed  the    efforts  which    the    FrenchI 
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natural  philosophers  were  making  in  the  same  direction, 
and  especially  the  contest  between  Guvier  and  Geofiroy  St. 
Hilaire.  (See  Chapter  IV.  in  "  History  of  Creation.**)  It 
is  also  necessary  to  be  in  some  degree  master  of  Goethe's 
language  and  his  process  of  thought,  before  it  is  possible 
rightly  to  understand  the  many  expressions,  often  incidental, 
which  refer  to  the  doctrine  of  descent.  He  who  does  not 
know  the  great  poet  and  thinker  as  a  whole,  may  possibly 
even  construe  these  very  expressions  in  a  contrary  sense. 

In  proof  of  this  I  adduce  the  strange  fact  that  two 
second-rate  German  zoologists  have  recently  discovered 
that  Goethe  was  an  extremely  narrow-minded  naturalist 
and  a  ''willing  adherent  of  the  doctrine  of  constancy  of 
species."  Karl  Semper,  the  gifted  discoverer  of  "Haeckelism 
in  Zoology,"  and  Robby  Kossman,  the  ingenious  *'  Solver  of 
the  Ehizo-cephalic  Problem,"  have  extracted  from  Goethe's 
morphological  writings  that  the  latter  needy  Frankfort 
geniuses  had  neither  a  dear  conception  of  the  whole  sig- 
nificance of  organic  forms,  nor  the  faintest  idea  of  the 
natural  evolution  of  these  forms,  and  of  their  connection 
by  common  descent.  All  who  know  the  poor  and  narrow- 
minded  literary  productions  of  Semper  and  Eossman  must 
smile  at  the  sentence  of  annihilation  thus  pronounced  on 
Goethe's  conception  of  nature. 

Notwithstanding    the    condemnation    by    these    great 

students  of  animal  life,  the  rest  of  the  world  may  continue 

to  admire  Goethe  as  a  true  prophet  of  the  theory  of  descent. 

The  numerous  sentences  which  I  have  prefixed,  as  mottos 

to    the    chapters    of   the    Oenerelle  Morphologie,    clearly 

show  how  far  Goethe  had  advanced  in  his  conception  of 

the  innate  genealogical  connection  of  the  diverse  organic 
9 


92 


THE  EVOLUTION  OF  MAN. 


forms.  At  the  end  of  the  last  century  he  so  nearly  grasped 
the  principles  of  natural  tribal  history,  that  we  are  justified 
in  regarding  him  as  one  of  the  earliest  forerunners  of 
Darwin,  although,  unlike  Lamarck,  he  did  not  formulate* 
the  Theory  of  Descent  in  a  scientific  systeuL 


CHAPTER  V. 

MODERN  PHYLOGENY. 
Charles  Dabwin. 

BdatioQ  of  Modem  to  Earlier  Fhylogenj. — Charles  Darwin's  Work  on  the 
Origin  of  Species. — Canses  of  its  Bemarkable  Snccess. — The  Theory  of 
Selection :  the  Interrelation  of  Hereditary  Transmission  and  Adaptation 
in  the  Stmggle  for  Existence. — Darwin's  Life  and  Yojage  Bound  the 
World. — His  Grandfather,  Erasmus  Darwin.— Charles  Darwin's  Study 
of  Domestic  Animals  and  Plants. — Comparison  of  Artificial  with 
Natural  Conditions  of  Breeding. — The  Struggle  for  Existence. — Noces- 
eary  Application  of  the  Theory  of  Descent  to  Man. — Descent  of  Man 
from  the  Ape,  —  Thomas  Huxley. —  Karl  Vogt.  —  Friedrich  Bolle. — 
The  Pedigrees  in  the  Oenerelle  Morphologie  and  the  "History  of 
Creation." — The  Genealogical  Alternative. — The  Descent  of  Man  from 
Apes  deduced  from  the  Theory  of  Descent. — ^The  Theory  of  Descent 
as  the  Greatest  Inductive  Law  of  Biology. — Foundation  of  this  Induc- 
tion.— PalsDontolog^. — Comparative  Anatomy. — The  Theory  of  Budi- 
mentary  Organs. — Purposelessnesa,  or  Dysteleolog^. — Genealogy  of  the 
Natural  System. — Chorology. — (Ekology. — Ontogeny. — Befutation  of 
the  Dogma  of  Species. — The  "  Monograph  on  the  Chalk  Sponges ; " 
Analytic  Evidence  for  the  Theory  of  Descent. 

"By  considering  the  embryological  structure  of  man — the  homologies 
which  he  presents  with  the  lower  animals — the  rudiments  which  he  retains — 
aad  the  reversions  to  which  he  is  liable,  we  can  par  ly  recall  in  imagination 
the  former  condition  of  our  early  progenitors ;  and  can  approximately  place 
them  in  their  proper  position  in  the  zoological  series.  We  thus  learn  that 
mftn  is  descended  from  a  hairy  quadruped,  furnished  with  a  tail  and  pointed 
earsy  probably  arboreal  in  its  habits,  and  ao  inhabitant  of  the  Old  World. 
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TliiR  (^reatara,  if  its  nhole  etrnctnTa  had  benn  eiammed  by  a  nBhnallst, 
would  have  been  claaseii  among  the  QaadrnnuiDii,  as  sorKly  ua  wonid  iha 
cQmmou  uiul  still  more  saoient  pragenitof  ol  tbe  Old  and  Naw  World 
moDkejn."— CH&BI.U  Dabttih  (1871). 


In  the  short  time  that  had  passed  since  the  appearance 
Charles  Darwin's  book  "  On  the  Origin  of  Species  in 
Animal  and  Vegetable  Kingdom,"  the  History  of  Evolutii 
has  advanced  so  greatly  that  it  is  scarcely  possible  to  point 
to  an  equally  great  advance  throughout  the  whole  record 
of  the  Natuiul  Sciences.  The  literature  of  Darwinism  is 
increasing  day  by  day,  not  only  in  connection  with  Zoology 
and  Botany — which  are  the  special  sciences  most  affected 
and  reformed  by  the  Darwinian  Theory — but  iar  beyond. 
It  is  applied  in  much  wider  circles  with  a  zeal  and  interest 
which  no  other  scientific  theory  has  ever  aroused.  There 
are  two  distinct  circumstances  which  principally  explain 
tliia  extraordinary  auccesa.  In  the  first  place,  all 
natural  sciences,  and  especially  Biology,  made  unusually 
rapid  progress  during  the  preceding  half  century,  and  froi 
actual  experience  many  ftew  data  for  the  theory  of  natural 
evolution  were  amassed.  When  compared  with  the  failure 
of  Lamarck,  and  the  earlier  naturalists  to  obtain  recognition 
for  their  first  attempts  to  explain  the  origin  of  organ- 
isms and  of  man,  the  success  of  the  second  attempt^  made 
by  Darwin,  who  had  at  his  command  such  vast  accumu- 
UtionB  of  well-attested  facts,  was  all  the  more  thorough. 
In  availing  himself  of  recent  progrosa,  the  latter  was  ablt 
to  employ  quite  other  scientific  evidence  than  Lamarck  and 
Oeoflfroy,  Goethe  and  Treviranus,  could  command.  But,  in 
the  second  place,  we  must  give  due  weight  to  the  fact  that 
Darwin  Las  tbe  espedal  merit  of  having  approached 
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qaestion  from  an  entirely  new  direction,  and  of  having 
worked  out  that  independent  theory  in  explanation  of  the 
Doctrine  of  Descent  which  we  properly  call  the  Darwinian 
Theory,  or  Darwimsm. 

While  Lamarck  explained  the  variation  of  organisms 
descended  from  common  ancestral  forms,  as  especially  the 
effect  of  habit  and  the  use  of  the  organs,  but  also  by  the 
aid  of  the  phenomena  of  Heredity,  Darwin  independently, 
and  on  an  entirely  new  basis,  unfolded  the  actual  causes 
which  mechanically  accomplish  the  modification  of  the 
yarious  animal  and  vegetable  forms  by  the  aid  of  Adap- 
tation and  Heredity.  Darwin  deduced  his  "Theory  of 
Selection''  from  the  following  considerations.  He  com- 
pared the  origin  of  the  various  breeds  of  animals  and  plants 
which  man  is  able  to  produce  artificially, — the  conditions 
of  "Selection"  in  horticulture,  and  in  the  breeding  of 
domestic  animals, — with  the  origin  of  wild  species  of 
plants  and  animals  in  a  natural  state.  He  thus  found 
that  causes  similar  to  those  which,  in  artificially  breeding 
domestic  animals,  and  raising  cultivated  plants,  we  apply 
to  alter  the  forms,  are  also  at  work  in  Nature.  He  named 
the  most  efiective  of  all  the  co-operating  causes  the 
Struggle  for  Existence.  The  gist  of  Darwin's  theory, 
properly  so  called,  is  this  simple  idea:  that  the  Struggle 
for  Eocistence  in  Nature  evolves  new  Spedea  without  design, 
just  as  the  Will  of  Man  produces  new  Varieties  in  Culti- 
vatian  with  design.  Just  as  the  gardener  and  the  farmer 
breed  for  their  own  advantage,  and  according  to  their 
own  will,  making  judicious  use  of  the  productive  efiects 
of  Heredity  and  Adaptation,  so  does  the  Struggle  for 
Elxistenoe  constantly  modify  the  forms  of  vegetables  and 
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ammalfi  in  an  imdomesticated  state.  This  Struggle  fat 
Existence,  or  the  universal  efforts  of  orgaDisms  to  secure  the 
necessary  means  of  existence,  works  without  design,  but 
yet  in  the  same  way  modifies  the  organisms.  But  as  under 
its  influence  Heredity  and  Adaptation  enter  into  most 
intimate  reciprocal  relations,  there  necessarily  arise  new 
forms,  or  variations,  which  are  of  advantage  to  the  organ- 
ism, and  which  have,  therefore,  an  ohjcct,  although  in 
reality  not  originating  from  a  preconceived  design. 

This  simple  fundamental  idea  is  tlie  real  gist  of  Darwin- 
ism, or  the  "Theory  of  Selection."  Its  author  conceived 
the  idea  long  ago,  hut  with  admirable  industry  he  employed 
twenty  years  in  collecting  data  from  actual  experience  for 
proving  his  theory  before  declaring  it.  In  the  "History 
of  Creation "  (Chapter  VI.),  I  gave  a  full  account  of  tlie 
method  by  wliicb  he  reached  hia  results,  as  well' as  of  hia 
most  important  writings,  and  bis  life.  I  shall,  tberefot^ 
now  only  allude  very  briefly  to  some  of  the  most  importa 
points." 

Charles  Darwm  was  bom  on  the  12th  of  February.  1809, 
at  Shrewsbury,  where  his  father,  Robert  Darwin,  practised 
OB  a  physician.  Hia  grandfather,  Erasmus  Darwin, 
a  thoughtful  naturalist,  who  laboured  in  the  line  of  thsl 
earlier  natural  philosophy,  and  who,  toward  the  end 
the  eighteenth  centuiy,  published  several  works  on  that 
subject.  The  most  important  of  these  is  his  "Zoonomy," 
which  appeared  in  1701,  and  in  which  he  expressed  views 
like  those  of  Qoethe  and  I^amarck,  though  he  knew  nothing 
of  the  similar  eHbrts  of  tlicse  contemjwraries.  Erasmus 
Darwin  transmitted  to  his  grandson  Charles,  according  to 
the  law   of  latent   transmission   (Atavism),  certain  mole 
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colar  movements  of  the  cells  in  the  ganglia  of  his  powerful 
brain,  which  had  not  made  their  appearance  in  his  son 
Robert  This  fact  is  of  great  interest  in  relation  to  the 
remarkable  law  of  Atavism  which  Charles  Darwin  himself 
has  80  well  discussed.  But  in  the  writings  of  Erasmus 
Darwin,  formative  imagination  too  greatly  outweighs 
critical  judgment,  while  in  his  grandson,  the  two  are  evenly 
balanced.  As,  at  present^  many  naturalists  of  limited 
genius  regard  imagination  as  superfluous  in  Biology,  and 
their  own  lack  of  it  as  a  great  and  "exact"  advantage, 
I  take  this  opportunity  of  calling  attention  to  a  striking 
remark  of  an  able  naturalist,  who  was  himself  one  of  the 
leaders  of  the  school  called  "  exact,"  confining  itself  strictly 
to  experience.  Johannes  Muller,  the  German  Cuvier,  whose 
works  will  always  be  regarded  as  models  of  exact  investiga- 
tion, declared  that  continuous  interaction  and  harmonious 
balance  of  imagination  and  reason,  are  the  indispensable 
conditions  of  the  most  important  discoveries.  This  passage 
is  given  in  fuU  as  a  motto  at  the  beginning  of  the  eighteenth 
chapter. 

After  completing  his  university  studies  in  his  twenty- 
second  year,  Charles  Darwin  was  fortunate  enough  to 
accompany  an  expedition  which  sailed  round  the  world  for 
scientific  purposes.  This  lasted  for  five  years,  thus  affording 
him  an  abundance  of  most  instructive  suggestions  and  of 
opportunities  for  the  contemplation  of  Nature  in  its 
grandest  forms.  In  the  very  beginning  of  the  voyage, 
when  he  first  landed  in  South  America,  he  noticed  a  varietv 
of  phenomena,  which  suggested  to  him  the  great  problem  of 
his  life-long  work,  the  question  of  the  "Origin  of  Species." 
On  the  one  hand,  the  instructive  phenomena  of  the  geogra- 
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phicsl  distxibation  of  ^)eci£s,  aixl  od  die  other,  the  rda^ob 
between  th£  living  snd  extinct  species  of  the  same  continent, 
suggested  to  him  the  iaka  that  nearly  allied  species  might 
have  descended  from  a  CMnmoo  aoeestnl  form.  On  his 
return  from  his  Gyv  j'eais'  voyage,  be  devoted  himself  for 
jeats  moat  acalonaly  to  the  systematic  study  of  domestic 
I,  wiitnala  and  garden-plants,  and  h«  recognized  the  evideoi 
aiial<^;ies  between  the  fonnattoo  and  transmatations  of  thesev 
and  those  of  wild  8ped«a  in  a  state  of  n&ture.  He  had. 
however,  no  conception  (^  natural  selection  through  the 
stmg^e  for  existeoce,  which  is  the  most  important  feature 
in  ^le  construction  of  his  theory,  until  after  he  bad  read 
the  celebrated  book  of  Ualthus,  the  political  economiat,  on 
the  "  Principles  of  Population."  This  gave  him  a  dear 
conception  of  the  analogy  betu'eeo  the  changing  relations 
of  population  and  over-population  in  civUized  countries  and 
the  social  relations  of  animals  and  plants  in  a  wild  state. 
He  continued  for  many  years  to  collect  materials  in  ordt^r  to 
accumulate  a  great  mass  of  evidence  for  the  support  of  this 
theory.  At  the  Game  time,  as  a  practical  breeds,  he  insU- 
tuted  many  important  experiments  in  breeding,  and  gav« 
special  attention  to  the  instructive  breeding  of  domestic 
pigeons.  Ample  leisure  was  afforded  him  by  the  quiet 
rutircment  in  which,  after  his  return  &om  his  journey 
round  the  world,  he  has  lived  on  his  property  of  Down,  near 
Bockenbam. 

It  was  not  until  the  year  1858,  that  Darwin  was  induced, 
by  the  work  of  another  naturalist,  Alft'ed  Russell  Wallace; 
who  had  conceived  the  same  Theory  of  Selection,  to  publish 
the  outlines  of  his  theory.  In  1859  appeared  his  principal 
work,  "  On  the  Origin  of  Species,"  in  which  the  theoiy  is 
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ezhaostively  discussed,  and  is  established  by  the  weightiest 
evidence.  Having  fully  expressed  my  opinion  of  this  book 
in  my  OenereUe  Morphologic,  and  in  the  "  History  of 
Creation/'  it  will  here  be  sufficient  to  recapitulate  briefly 
the  gist  of  the  Darwinian  theory,  on  the  right  under- 
standing of  which  everything  depends.  The  whole  is  based 
on  the  simple  fundamental  idea  that  the  Struggle  for 
Existence  in  Nature  modifies  organisms,  and  produces 
new  species  by  the  aid  of  the  same  means  by  which  man 
produces  new  domesticated  varieties  of  animals  and  plants. 
These  means  consist  in  the  constant  preference  or  selection 
of  the  individuals  most  suitable  for  propagation,  so  that  the 
interaction  of  Heredity  and  Adaptation  acts  as  a  modifying 
cause.® 

The  celebrated  traveller  Wallace  had  independently 
formed  the  same  conclusions.  He  had,  however,  by  no 
means  determined  the  influence  of  Natural  Selection  in 
forming  species  as  clearly  and  thoroughly  as  had  been  done 
by  Darwin.  But  the  writings  of  Wallace  (especially  those 
on  Mimicry,  eta)  contain  many  admirable,  original  con- 
tributions to  the  Theory  of  Selection.  It  is  most  unfor- 
tunate that  the  imagination  of  this  gifted  naturalist  has 
since  become  diseased,  and  that  he  now  only  plays  the  part 
of  a  spiritualist  in  the  spiritualistic  society  of  London. 

The  efiect  produced  by  Darwin's  book  on  "  The  Origin  of 
Species  by  Natural  Selection  "  in  the  animal  and  vegetable 
kingdom,  was  extraordinarily  great,  though  not  at  first  in 
the  special  branch  of  science  to  which  it  most  directly 
applied.  Several  years  passed  before  botanists  and  zoolo- 
gists recovered  from  their  surprise  at  the  new  views  of 
nature  advanced  by  this  great  reconstructive  work.      The 
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effect  of  tLe  took  on  the  special  sciences  with  wbicli 
zoolog^ts  and  botanists  are  concerned,  has  become  really' 
prominent  only  during  the  past  few  years,  during  which  the 
Theoiy  of  Descent  has  been  applied  in  Anatomy  and  Oiw 
togeny,  and  in  zoological  and  botanical  claspilication.  In 
Borne  ways  it  has  already  caused  extraordinary  progress  and 
a  great  reform  in  the  prevailing  views. 

But  in  Darwin's  first  work  of  1859,  the  point  which 
most  interests  us  here — the  application  of  the  Theory 
of  Descent  to  Man — was  not  touched  at  all.  For  many 
years  it  was  even  asserted  that  Darwin  had  no  intention  of 
applying  his  theory  to  Man,  but  that  he  shared  tlie  preva- 
lent opinion,  that  an  entirely  peculiar  place  in  crcatjun  must 
be  assigned  to  Man.  Not  only  men  unversed  in  science, 
including  very  many  theologians,  but  evon  educated  natur- 
alists, asserted  with  the  greatest  ingenuousness,  that  the 
Darwinian  Theory  in  itself  wa^  not  to  be  combated,  and' 
was  entirely  correct,  for  it  afforded  an  excellent  means  of. 
explaining  the  origin  of  the  various  species  of  animals  and 
plants;  biit  that  the  theory  was  in  no  way  applicable  to 
Man. 

In  the  mean  time,  however,  many  thoughtful  people, 
naturalists  as  well  as  otliers,  expressed  the  opposite  opinion, 
that  it  necessanly  follows  as  Hic  logical  conclusion  from  the 
Theory  of  Descent,  as  formulated  by  Darwin,  that  Man 
must  have  descended  from  other  animal  organisms,  and, 
immediately,  from  Mammals  resembling  Apes.  The  truth  flf| 
this  conclusion  was  eaily  recognized  by  many  thought 
opponents  of  the  theory.  Just  because  they  regarded 
as  a  necessary  consequence,  many  felt  that  the  whole  tbeoi 
moat  bo  rejected-     The  first  scientific   application  of 
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iheoiy  to  Man  was  made  by  Huxley,  who  now  holds  the 
&ist  place  among  English  zoologists.^  This  able  and 
learned  philosopher,  to  whom  much  progress  in  zoological 
science  is  due,  published  a  little  work  entitled  "Evidences 
of  Man's  Place  in  Nature/*  in  the  year  1863,  contain- 
ing three  essays:  1.  On  the  Natural  History  of  Man- 
like Apes ;  2.  On  the  Relations  of  Man  to  the  Lower 
AiiiTnA.ln ;  3.  On  Somo  Fossil  Remains  of  Man.  In  these 
three  very  important  and  interesting  essays,  it  is  clearly 
shown  that  the  much-disputed  descent  of  Man  from  the  Ape 
is  the  necessary  consequence  of  the  Theoiy  of  Descent.  If 
the  Theory  of  Descent  is  correct  as  a  whole,  it  is  impos- 
sible not  to  regard  the  Apes  most  resembling  Man  as  the 
^niiTni.1a  from  which  the  human  race  has  been  immediately 
evolved. 

Almost  simultaneously  Karl  Vogt,  a  most  acute  zoologist, 
published  a  larger  work  on  the  same  subject,  entitled 
"Lectures  on  Man,  his  Place  in  Creation  and  in  the  History 
of  the  Earth."  This  author  has  since  partly  retracted  his 
views,  and  has,  indeed,  quite  recently  adopted  the  strange 
assumption  that  the  descent  of  Man  can  only  be  traced 
from  the  Apes,  and  not  from  the  yet  lower  animals.  This, 
however,  only  shows  that  Vogt  has  not  followed  the  recent 
progress  of  Zoology,  and  that  he  has  long  ceased  to  sym- 
pathize with  the  most  important  parts  of  the  History  of 
Evolution. 

Qustav  Jaeger  "^  and  Friedrich  Rolle**  must  be  men- 
tioned among  zoologists  who,  after  the  publication  oi 
Darwin's  work,  took  up  the  Theory  of  Descent,  advanced 
it,  and  drew  the  right  logical  conclusion,  that  Man  is 
descended  from  the  lower  animala     Friedrich  Rolle,  in  18G6 
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puhlislied  a  work  on  "  Man,  hia  Descent  and  Civilization,  ifc 
the  light  of  the  Darwinian  Theory." 

At  the  same  time,  in  the  second  volume  of  my  Generdle 
Morphologie  dcr  Organismen,  which  appeared  in  18G6,  I 
made  the  first  attempt  to  apply  the  Theory  of  EvolutioD  to 
the  entire  classification  of  organisms,  including  Moa"  I 
tried  to  sketch  the  hypothetical  genealogies  of  the  dif- 
ferent classes  of  the  animal  kingdom,  of  the  kingdom  of 
Protista,  and  of  the  vegetable  kingdom,  not  only  as  they 
must  he  according  to  the  principles  of  the  Darwinian 
Theory,  but  also,  as  it  is  already  really  possible  to  do,  with 
a  certain  degree  of  probability.  For,  if  t!ie  Theory  of 
Descent,  as  first  definitely  stated  by  Lamarck,  and  after- 
wards firmly  established  hy  Darwin,  is  correct  in  ita  general 
principles,  then  it  must  also  be  possible  to  interpret  the 
natural  system  of  plants  and  animals  genealtigically,  and  to 
place  the  smaller  and  larger  divisions  recognized  in  the 
system,  as  limbs  and  branches  of  a  genealogical  treet  The 
eight  genealogical  tables  which  I  appended  to  the  second 
volume  of  the  Oerierelle  Mor^iologie,  are  the  first  attempts 
to  accomplish  this.  In  the  twenty-seventh  chapter  of  the 
same  work  are  given  the  most  important  stages  in  the 
ancestral  line  of  the  human  race,  as  far  as  they  can  he 
traced  in  the  descent  of  Vertebrates.  I  there  attempted 
especially  to  determine  the  place  in  the  mammalian  c!asa 
assigned  to  Man  by  the  system,  and,  as  far  as  seems  possible 
at  present,  the  genealogical  wgnificance  of  the  latter.  Iil 
the  twenty-second  and  twenty-third  chapters  of  my  "His- 
tory of  Creation,"'  I  materially  improved  on  this  attempt 
and  explained  it  in  a  more  popular  form. 

At  la£t  in  1871,  Darwin  himself  published  a  veiy  t 
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teresting  work,  which  contains  the  much-disputed  applica- 
tion of  his  theory  to  Man,  and  which,  therefore,  completes 
his  great  doctrine.  In  this  work,  entitled  "  The  Descent  of 
Han,  and  Selection  in  Belation  to  Sex,"  ^  Darwin  has 
openly  and  most  logically  drawn  the  inference,  about  which 
be  had  before  purposely  maintained  silence,  that  Man  also 
must  have  been  evolved  from  lower  animals.  In  a  most 
masterly  manner  he  discussed  especially  the  very  important 
part  paid  by  Sexual  Selection  in  the  progressive  exaltation 
of  Man,  and  of  all  other  higher  animals.  According  to  this 
theory,  the  careful  selection  which  the  two  sexes  exercise  on 
each  other,  in  relation  to  their  sexual  connection  and  re- 
production, and  the  sesthetic  taste  evinced  by  the  higher 
f^fiimftla  in  this  matter,  has  a  most  important  influence  on 
the  progressive  evolution  of  forms  and  in  the  distinction  of 
the  sexes.  The  male  animals  seek  out  the  most  beautiful 
females,  and,  on  the  other  hand,  the  females  choose  the 
finest  males,  so  that  the  specific,  and  at  the  same  time  the 
sexual  character  is  continuously  ennobled.  In  this  respect 
many  of  the  higher  animals  exercise  a  better  taste  and  a 
more  impartial  judgment  than  does  man.  But  even  among 
men  sexual  selection  has  given  rise  to  a  noble  form  of 
family  life,  which  is  the  chief  foundation  on  which  civiliza* 
tion  and  social  states  have  been  built.  The  human  race 
certainly  owes  its  origin  in  great  measure  to  the  perfected 
Sexual  Selection  which  our  ancestors  exercised  in  the  choice 
of  wivea  (Cf  Chapter  XI.  of  the  "  History  of  Creation," 
and  pp.  24'lf-247  in  the  second  volume  of  the  Generelle 
Mojyhologie,) 

In  all  essential  points  Darwin  approves  of  the  general 
outline  of  the  genealogical  tree  given  in  the  Generelle  Mot- 
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phologie  and  the  "History  of  Creation,"  and  he  expressly 
states  tliat  his  experience  points  to  the  same  conclus'ons. 
It  is  impossible  not  to  appreciate  his  great  wisdom  in  not 
himself  applying  the  Theory  of  Descent  to  Man,  in  his  fir^t 
work ;  for  the  inference  was  of  a  sort  to  raise  the  strongest 
prejudices  against  the  entire  doctrine.  It  was  at  first  only 
nt-cessary  to  establish  the  theory  in  relation  to  the  species 
of  aniinab  and  plants.  Its  application  to  Man  then  inevit- 
ably followed  sooner  or  later. 

It   is   most  important   to   understand    this  connection 
rightly.     If  all  organisms  have  sprung  from  a  c< 
Man  is  also  included  in  this  common  descent     But  if, 
the  contrary,  each  separate  kind  or  species  of  orgi 
been  separately  created,  then  Man  was  also  "  created,  not 
evolved."      Between   these    two   opposite   views   lies   our 
choice ;    and    this   decisive    alternative    cannot    be    often 
enough  and  prominently  enough  placed  in  the  foreground. 
Either  all  the  various  species  of  the  vegetable  and  animal 
kingdoms  are  of  supernatural  origin,  created,  not  evolved- 
in  which  case  Man  is  also  the  product  of  a  supernatural  act 
of  creation,  as   is  assumed  in  all   the  various  systems 
religious  belief;  or,  the  various  species  and  classes  of 
animal  and  vegetable  kingdoms  have  evolved  from  a  fe 
common  and  most  simple  ancestral  forms ;  and  if  this  is 
case,  man  himself  is  the  latest  product  of  the  evolution 
the  genealogical  tree  of  animals. 

The  connection  between  the  two  may  be  concisely  Bt«l 
as  follows :  tlie  Descent  of  Man  from  lower  animals  i»  a 
$pecml  deductive  law,  necesaarily  fallmm-ng  from  th*  general 
inductive  law  of  the   entire  Doctrine    of  Descent 
KOtenoe  fonnul&teB  the  relation  most  clearly  and  sim] 
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The  Doctrine  of  Descent  is  really  nothing  but  a  great  in* 
ductive  law,  to  which  we  are  led  by  grouping  and  compar- 
big  the  most  important  empirical  laws  of  Morphology  and 
Physiology.  We  are  obliged  to  draw  our  conclusions 
according  to  the  laws  of  induction  in  every  case  in  which 
we  are  unable  to  establish  the  truths  of  natm*e  immediately 
by  the  infallible  method  of  direct  measurement,  or  mathe- 
matical calculation.  In  the  study  of  animated  nature,  we 
are  seldom  able  entirely  to  ascertain  the  significance  of 
phenomena  immediately,  and  by  infallible  mathematical 
means,  as  is  possible  in  the  much  simpler  study  of  inorganic 
bodies,  in  Chemistry,  Physics,  Mineralogy,  and  Astronomy. 
In  the  last  especially,  we  can  always  employ  the  very 
simple  and  absolutely  sure  method  of  mathematical  calcula- 
tion. But  in  Biology,  this  is  for  many  reasons  entirely 
impossible,  and  especially  because  the  phenomena  in  it  are 
far  too  complex  to  admit  of  immediate  solution  by  mathe- 
matical analysis.  We  are  therefore  compelled  to  proceed 
inductively;  in  other  words,  from  the  mass  of  separate 
observation  we  must  gradually  draw  general  conclusions, 
which  must  be  more  and  more  approximately  correct 
These  inductive  conclusions,  it  is  true,  cannot  claim  the 
absolute  certainty  of  mathematical  propositions ;  but  they 
are  more  and  more  approximately  true  in  proportion  with 
the  increase  in  extent  of  the  experiences  on  which  they  are 
based.  The  importance  of  such  inductive  laws  is  in  no  way 
lessened  by  the  circumstance  that  they  must  only  be 
regarded  as  provisional  scientific  achievements,  which  may 
|X)ssibly  be  improved,  or  perfected,  by  the  further  progress 
of  knowledge.  This  is  equally  true  of  the  greater  part  of 
knowledge  in  other  sciences ;  for  example,  in  Geolog}*  and 
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Archffiology.  However  much  paiiicuUvr  items  of  Bach  induc- 
tive knowledge  may  in  time  be  improved  and  modifier), 
their  general  Bignificance,  as  a  whole,  remains  quile  on- 
touched. 

The  Theory  of  Descent,  according  to  Lamarck  and  Dar- 
win, as  a  great  inductive  law,  and  indeed  the  greatest  of 
all  inductive  biological  laws,  is  in  the  first  place  based  on  tli>'J 
facts  of  Palceoatology,  on  the  modification  of  species  brou^ 
to  light  by  the  science  of  Petrifactions.  From  the  com 
tions  under  which  these  fossils,  or  petrifactions,  are  fotfl 
buried  in  the  rock-layei-s  of  our  eai-th,  we  draw  the  f 
Bure  conclusion,  that  the  organic  population  of  the  earth,  as 
well  as  the  crust  of  the  earth  itself,  has  been  slowly  and 
gradually  evolved,  and  that  series  of  diverse  populations 
have  successively  appeared  at  different  periods  of  the 
earth's  history.  Modem  geology  shows  us  that  the  evolu- 
tion of  the  earth  has  been  gradual,  and  without  total  and 
violent  revolutions.  Comparing  the  various  plant  and 
animal  creations  that  have  successively  appeared  during  the 
course  of  the  earth's  history,  we  find,  in  the  first  place,  that 
an  increase  in  the  number  of  species  has  been  constant  and 
gradual  fiom  the  earliest  to  the  most  recent  times ;  and,  in 
the  second  place,  we  perceive  that  the  increase  in  the  per- 
fection of  the  forms  belonging  to  each  of  the  larger  groups 
of  animals  and  plants  is  also  constant.  For  example,  the 
only  Vertebrates  existing  in  the  earliest  times  are  the  lower 
Fishes ;  then  the  higher  kinds  of  Fishes ;  later  Amphibia 
appear;  still  later,  the  three  higher  classes  of  Vertebrates, 
licptiles  first,  then  Birds,  and  Mammals ;  of  these  only  the 
moL-t  imperfect  and  lowest  forms  appear  first;  it  lb  only  at 
u  vory   late   period   that   the  higher   placental 
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appear,  and  among  the  latest  and  youngest  forms  of  the 
lattor  is  Man.  Both  the  perfection  of  forms  and  their 
▼ariety  originate,  therefore,  only  gradually,  and  in  a  period 
extending  from  the  oldest  time  to  the  present  day.  Thb 
fact  is  of  great  importance,  and  can  be  explained  only  by 
the  Doctrine  of  Descent,  with  which  it  perfectly  agrees.  If 
the  various  groups  of  plants  and  animals  really  descended 
one  from  another,  then  such  an  increase  in  number  and 
degree  of  perfection,  as  the  series  of  fossils  actually  exhibits, 
must  necessarily  have  occurred. 

A  second  series  of  phenomena  of  great  importance  for 
the  inductive  law  with  which  we  are  dealing,  is  contributed 
by  Comparative  Anatomy.  This  latter  is  that  part  of 
Morphology,  or  the  Science  of  Forms,  which  compares  the 
developed  organic  forms,  and  seeks,  in  their  great  variety, 
to  find  the  one  common  law  of  their  organization,  or,  as 
it  was  formerly  called,  the  "general  plan  of  structure.**  Since 
Cuvier  first  formed  this  science,  at  the  beginning  of 
this  century,  it  has  always  been  a  favourite  study  of  the 
most  eminent  naturalista  Goethe,  even  before  him,  had 
been  greatly  attracted  by  the  charm  of  the  mysteries  whicli 
it  solved,  and  had  been  drawn  into  the  study  of  Morphology. 
It  was  especiaUy  Comparative  Osteology,  the  philosophical 
observation  and  comparison  of  the  bony  skeletons  of  Verte- 
brates, which  is  really  one  of  the  most  interesting  branches 
of  the  science,  that  riveted  his  attention  and  led  him  to  form 
bis  Theory  of  the  Skull,  which  has  already  been  mentioned. 
Comparative  Anatomy  teaches  that  in  each  line  of  descent 
in  the  animal  kingdom,  and  in  each  class  in  the  vegetable 
kingdom,  the  inner  structures  of  all  the  animals  belonging 
ko  the  one,  and  of  the  plants  belonging  to  the  other,  are  in 
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ftll  wwential  points  in  the  higfaesi  degreb  mmilar,  even 
thoogfa  the  oatwaid  forms  are  extremely  mdike.  Man, 
accordin^y,  in  all  essential  features  <^  internal  organization 
so  doselj  resembles  other  MammaH  ^^^^  no  comparatiYe 
anatomist  has  ever  donbted  that  he  belongs  to  that  clasa 
The  whole  inner  stmcture  <^  ihe  human  body, — ^the  disposi- 
tion of  its  various  systems  of  organs^ — ihe  arrangement  of 
the  bones^  muscles^  blood-vessels,  and  the  like, — the  coarser 
and  more  minute  structure  of  all  these  organs,  corresponds  so 
well  with  that  of  all  other  ^ifammali^ — such  as  Apes,  Gnawing 
animals  (Rodent ia).  Hoofed  animals  (JTngulata\  Whales, 
and  Opposums, — that  the  complete  dissimilarity  of  the 
outward  form  is  as  nothing  in  the  balance  against  it  We 
learn  also  from  Comparative  Anatomy  that  the  fundamental 
characteristics  of  animal  organization  are  so  much  aliker 
even  within  the  various  classes,  numbering  from  thirty 
to  forty  in  all,  that  they  may  fittingly  be  arranged  in  from 
six  to  eight  principal  groups.  But  even  in  these  few  groups, 
which  represent  the  lineages  or  types  of  the  animal  kingdom, 
it  can  be  shown  that  certain  organs,  especially  the  intestinal 
canal,  were  originally  uniform. 

We  can  only  explain  this  most  essential  uniformity  in 
all  these  various  animals,  notwithstanding  their  great  ex- 
ternal dissimilarity,  by  the  aid  of  the  Theory  of  Descent 
Onl}'  by  considering  the  internal  correspondence  as  the 
result  of  Heredity  from  common  ancestral  forms,  and  the 
external  dissimilarity  as  the  result  of  Adaptation  to  varied 
conditions  of  life,  can  this  wonderful  fact  be  thoroughly 
understood. 

The  recogniticn  of  this  truth  raised  Comparative 
Ajiatoray  itself  to  a  higher  rank,  so  that  Gegenbaur,*"  the 
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aHest  living  representative  of.  this  science,  could  say  with 
perfect  justice,  that  the  Theory  of  Descent  opened  a  new 
period  in  Comparative  Anatomy,  and  that  the  former  is 
the  touchstone  of  the  latter.  ''So  far,  no  experience  in 
Comparative  Anatomy  is  contradictory  to  the  theory  of 
Descent;  all  rather  lead  to  it.  So*  that  the  theory  will 
receive  back  from  the  science  that  which  it  has  imparted 
to  its  methods;  namely,  clearness  and  certainty."  Formerly, 
the  remarkable  internal  similarity  of  structure  in  organisms 
bad  been  a  source  of  wonder,  incapable  of  explanation. 
Now,  however,  we  can  understand  the  causes  of  these  facts, 
and  can  prove  that  this  wonderful  uniformity  is  simply  the 
necessary  consequence  of  Heredity  from  common  ancestral 
forms,  and  that  the  striking  dissimilarity  of  the  external 
form  is  the  necessary  consequence  of  Adaptation  to  the 
outward  conditions  of  existence. 

There  is  a  special  branch  of  Comparative  Anatomy 
which  is  peculiarly  interesting  in  this  respect,  and  at  the 
same  time  of  the  most  extended  philosophical  significance. 
This  is  the  science  of  Rudimentary  Organs,  which  we  may 
call,  in  reference  to  their  philosophical  consequences,  the 
Doctrine  of  Furposelessness,  or  Dysteleology.  Almost 
every  organism,  with  the  exception  of  the  lowest  and 
most  imperfect,  and  especially  every  highly  developed  vege- 
table or  animal  body,  man  as  well  as  others,  possesses  one  or 
more  structures  which  are  useless  to  its  organism,  valueless 
for  its  life-purposes,  worthless  for  its  functions.  Thus  all  of 
us  have  in  our  bodies  various  muscles  which  we  never  use ; 
for  example,  the  muscles  in  the  external  ear  and  the  parts 
immediately  surrounding  it.  These  outer  and  inner  ear 
muscles  are  of  great  use  to  most  Mammals,  especially  such 
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as  have  the  power  of  erecting  the  ears,  hecaiise  the  form 
and  position  of  the  ear  may  thus  be  materially  altered,  iu 
order  to  take  in  the  various  waves  of  Bound  in  the  b«st 
possible  manner.  In  Man,  however,  and  in  other  animab 
not  possessing  the  power  of  pricking  up  the  cars,  the 
muscles,  though  present,  are  useless.  As  our  ancestors  long 
ago  discontinued  to  make  use  of  them,  we  have  lost  the 
power  of  moving  them.  Again,  there  b  in  the  inner  comer 
of  our  eye  a  small  croscentshaped  or  semi-lunar  fold  of  skinj 
the  last  remnant  of  a  third  inner  eycHd,  the  so-called  uicti^ 
tating  membrane.  In  our  primitive  relatives,  the  Sliark^ 
and  in  many  other  Vertebrates,  this  membrane  is  highly 
developed,  and  of  great  use  to  tlio  eye ;  but  with  ua  it  h 
abortive  and  entirely  useless.  On  the  intestinal  canal 
have  an  appendage,  which  is  not  only  useless,  but 
become  very  injurious,  the  so-called  vermiform  appendi 
of  the  Ciscum.  This  little  appendage  of  the  intestine  not 
inijrequpntly  causes  fatal  disease.  If  in  the  process  of 
digestion,  by  an  unlucky  accident,  a  cherry-stone  or  some 
similar  hard  body  is  pressed  into  its  narrow  passage,  a 
violent  inflammation  ensues,  which  usually  causes  death. 
This  vermiform  appendage  is  not  of  the  slightest  use  in  our 
organism  ;  it  is  the  last  and  dangerous  remnant  of  an  organ, 
which  was  much  larger  in  our  vegetarian  ancestors,  and  was 
of  great  use  to  them  in  digestion ;  a«  it  is  still  in  many 
herbivorous  animals,  such  as  Apes  and  Rodeitta,  in  wbicli 
it  is  of  considerable  size,  and  of  great  physiological  iot- 
portanca 

Other  similar  rudimentary  organs  exist  id  us,  as 
higher  animals,  in  different  parts  of  the  body.     They 
luuong  the  most  interesting  phenomena  with  which 
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parative  Anatomy  acquaints  us ;  firstly,  because  they  afford 
the  most  obvious  proof  of  the  Theory  of  Descent,  and 
secondly,  because  they  most  forcibly  refute  the  custom- 
ary teleological  philosophy  of  the  schools.  The  Doctrine 
of  Descent  renders  the  explanation  of  these  remarkable 
phenomena  very  simpla  They  must  be  regarded  as  parts 
which  in  the  course  of  many  generations  have  gradually 
been  disused  and  withdrawn  from  active  service.  Owing 
to  disuse  and  consequent  loss  of  function,  the  organs 
gradually  waste  away,  and  finally  entirely  disappear.  The 
existence  of  rudimentary  organs  admits  of  no  other  expla- 
nation. Hence,  they  are  of  the  greatest  philosophical 
importance;  they  clearly  prove  that  the  mechanical,  or 
monistic  conception  of  the  nature  of  organisms  is  alone 
correct,  and  that  the  prevailing  teleological,  or  dualistic 
method  of  accounting  for  them,  is  entirely  false.  The  very 
ancient  fable  of  the  all- wise  plan  according  to  which  "  the 
Creator^s  hand  has  ordained  all  things  with  wisdom  and 
understanding,*'  the  empty  phrase  about  the  purposive 
••  plan  of  structure  "  of  organisms  is  in  this  way  completely 
disproved.  Stronger  arguments  can  hardly  be  furnished 
against  the  customary  teleology  or  Doctrine  of  Design,  than 
the  fact  that  all  more  highly  developed  organisms  possess 
such  rudimentary  organs. 

The  favourite  phrase,  "  the  moral  ordering  of  the  world," 
IB  ako  shown  in  its  true  light  by  these  dysteleological 
facta  Thus  viewed,  the  "moral  ordering  of  the  world  "  is 
evidently  a  beautiful  poem  which  is  proved  to  be  false  by 
the  actual  &ycta.  None  but  the  idealist  scholar,  who  closes 
his  eyes  to  the  real  truth,  or  the  priest,  who  tries  to 
keep  his  spiritual  flock  in  ecclesiastical  leading-strings^  can 
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any  longer  iell  the  fable  of  *  the  moral  ordering  of  the 
world."  It  exists  neither  in  nature  nor  in  human  life^ 
neither  in  natural  history,  nor  in  the  history  of  civilization. 
The  terrible  and  ceaseless  "  Struggle  for  Existence "  ^Tes 
the  real  impulse  to  the  blind  course  of  the  world.  A 
"  moral  ordering,"  and  *  a  purposive  plan  "  of  the  world 
can  only  be  visible,  if  the  prevalence  of  an  immoral  rule 
of  the  strongest  and  undesigned  organization  is  entirely 
ignored. 

The  Natural  System  of  Organisms,  which  classifies  all 
the  various  forms  in  larger  and  smaller  groups,  according  to 
the  degree  of  similarity  or  dissimilarity  of  these  forms,  is 
the  widest  inductive  basis  of  the  Theory  of  Descent 
These  groups  or  categories  of  the  system,  the  varieties 
species,  genera,  families,  orders,  classes,  and  so  on,  always 
show  such  relative  co-ordination  and  subordination  that 
they  can  be  explained  only  genealogically,  and  the  whole 
system  can  but  be  represented  figuratively  under  the  form  of 
a  tree  with  many  branches.  This  tree  is  the  genealogical 
tree  of  the  groups  related  in  form,  and  their  relation  in 
form  really  is  their  relation  in  blood  As  no  other  explana- 
tion can  be  given  of  the  fact  that  the  system  naturally 
assumes  a  tree-like  form,  we  may  regard  this  as  an  inmie- 
diate  and  powerful  proof  of  the  truth  of  the  Doctrine  of 
Descent 

Among  the  most  important  of  the  phenomena,  tesi^'fy- 
ing  to  the  inductive  law  of  the  Theory  of  Descent,  is  the 
geographical  distribution  of  animal  and  vegetable  species 
over  the  surface  of  the  earth,  and  their  topographical  distri- 
bution on  the  heights  of  mountains  and  in  the  depths  of 
oceans.    Alexander  Humboldt  gave  a  firesh  impulse  to  the 
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wdentific  inTestigation  of  these  conditions,  to  the  Science  of 
Distribution^  or  Chorology ;  but  until  Darwin,  people  were 
satisfied  to  observe  the  phenomena  of  Chorology,  and  tried 
principally  to  establish  the  demarcations  of  the  distribu- 
tions of  existing  organic  groups  of  greater  or  less  extent. 
But  the  causes  of  the  remarkable  phenomena  of  distribu- 
tion, the  reasons  why  some  groups  exist  only  here,  others 
only  there,  and  why  there  are  such  numerous  divisions  of 
the  various  species  of  plants  and  animals,  it  was  impossible 
to  explain.  The  Doctrine  of  Descent,  for  the  first  time,  fur* 
nishes  the  key  to  the  solution  of  this  problem  also ;  it  alone 
puts  us  in  the  right  way  to  obtain  an  explanation,  by  show- 
ing us  that  the  various  species  and  groups  of  species  spring 
fix)m  common  ancestral  species,  the  widely  diverging  pos- 
terity of  which  gradually  spread  over  the  whole  earth. 
Yet  for  every  group  of  species  there  must  be  assumed  a  so- 
called  **  centre  of  creation  " — ^that  is,  a  common  cradle,  or 
original  habitat,  in  which  the  common  ancestral  species  of 
a  group  first  evolved,  and  from  which  their  immediate 
descendants  dispersed  in  different  directions.  Individuals 
of  these  migrated  species  became  in  their  turn  the  ances- 
tral species  of  new  groups,  which  again,  by  active  and 
passive  migration,  dispersed;  and  so  on.  As  every  form 
after  its  migration  adapted  itself  to  new  conditions  of 
existence  in  its  new  home,  it  underwent  modification,  and 
gave  rise  to  new  series  of  forma 

Darwin,  by  the  Theory  of  Descent,  was  tho  first  to 
e9tablish  this  highly  important  doctrine  of  active  and 
passive  migrationa  At  the  same  time  he  correctly  pointed 
out  the  significance  of  the  important  chorological  relations 
between  the  living  population  of  each  region  and  their  fossil 


ancestors  and  allied  forma.  Moritz  Wagner  worked  out  this 
point  most  excellently  under  the  name  of  "  The  Theory  of 
Migration."**  But,  in  our  opinion,  this  famous  traveller 
has  over-estimated  the  importance  of  his  "  Theory  of  Mi- 
gration," in  so  far  as  he  declares  it  to  be  a  condition 
necessary  to  the  rise  of  new  species,  and  holds  the  "  Theory 
of  Selection "  to  be  incorrect  The  two  theories  are,  how- 
ever, in  no  way  opposed.  On  the  contrary,  migration, 
by  which  the  ancestral  species  of  a  new  kind  becomes 
isolated,  is  only  a  special  form  of  selection.  Tlie  groat  and 
interesting  series  of  chorological  phenomena,  since  they  cao 
only  be  explained  by  the  Theory  of  Descent,  must  also  h» 
considered  aa  important  inductive  data  of  the  latter. 

Exactly  the  same  is  true  of  all  the  remarkable  pheno- 
mena wbicli,  in  the  "Household  of  Nature,"  we  observe  in 
the  economy  of  the  organisms.  All  the  various  relations  of 
animals  and  plants,  to  one  another  and  to  the  outer  world, 
with  which  the  (Ekology  of  organisms  has  to  do,  and  espe- 
cially such  interesting  phenomena  as  those  of  parasitism,  of 
family  life,  of  the  caie  of  young,  and  of  socialism, — all  admit 
of  simple  and  natural  explanation  only  by  the  Doctrine  of 
Adaptation  and  Heredity,  While  it  was  formerly  usual  to 
marvel  at  the  beneiicent  plans  of  an  omniscient  and  bene- 
volent Creator,  exhibited  especially  in  these  phenomena,  we 
now  find  in  them  excellent  support  for  the  Theory 
Descent ;  without  which  they  are,  in  fact,  incomprehensibl 

Finally,  the  whole  of  Ontogeny,  the  history  of  the  ii 
vidual  evolution  of  all  organisms,  is  an  important  inductive 
foundation  of  tlie  Theory  of  Descent  But  as  tliia  subject 
Hill  be  especially  treated  in  later  chaptera,  nothing  furtlier 
ueod  be  said  of  it  here.     Step  by  step,  I  ahall  endoavotu 
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to  show  that  the  whole  of  the  phenomena  of  Ontogeny 
forms  a  connected  chain  of  evidence  in  favour  of  the  truth 
of  the  Theory  of  Descent,  and  that  they  can  be  explained 
7d1j  by  Phylogeny.  With  the  aid  of  this  close  causal 
eonnection  between  Ontogeny  and  Phylogeny,  and  by 
constantly  appealing  to  our  fundamental  law  of  Biogeny, 
we  shall  be  gradually  able  to  prove  from  the  facts  of  On- 
togeny that  Man  is  descended  from  the  lower  animals. 

In  conclusion,  it  must  be  mentioned  that  very  recently 
the  important  theoretical  question  as  to  the  nature  and  idea 
of  "  kind,"  or  '*  specios,"  which  is  the  point  on  which  really 
hang  all  the  disputes  about  the  Theory  of  Descent,  has  been 
definitely  settled.  For  more  than  a  century  this  question 
was  discussed  from  the  most  varied  points  of  view,  without 
resulting  in  a  satisfactory  settlement.  During  that  time 
thousands  of  zoologists  and  botanists  have  occupied  them- 
selves in  systematically  distinguishing  and  describing 
species^  without,  however,  any  dear  idea  of  the  meaning 
of  "speciea"  Many  hundred  thousand  vegetable  and 
animal  forms  were  set  up  and  marked  as  good  species, 
though  even  those  who  declared  them  such  were  unable  to 
justify  the  proceeding,  or  to  give  logical  reasons  for  thus 
distinguishing  them.  Endless  disputes  arose  among  the 
"pure  systematizers,"  on  the  empty  question,  whether  the 
form  called  a  species  was  ''a  good  or  a  bad  species,  a  species 
or  a  variety,  a  sub-species  or  a  group,"  without  the  question 
being  even  put  as  to  what  these  terms  really  contained  and 
comprised.  If  they  had  earnestly  endeavoured  to  gain  a 
clear  conception  of  the  terms,  they  would  long  ago  hav«» 
perceived  that  they  have  no  absolute  meaning,  but  are 
merely  stages  in  the  classification,  or  systematic  categories, 
and  of  relative  importance  only. 
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It  is  true  that  in  the  year  1857  a  celebrated  and  able^ 
but   very    untrustworthy  and    dogmatic  naturalist,  Louia 
Agassiz,  attempted  to  give  an  absolute  signification  to  these 
categories.   He  attempted  thia  in  an  "Essay  on  ClaHsificayon," 
in  wiiich  the  phenomena  of  organic  nature  were  iuTerteil, 
and  in  which,  instead  of  explaining  these  by  natural  causes, 
he  examined  them  through  the  seven-sided  prism  of  tJieo- 
logieal  dreama     Every  "good  species,  or  bona  species,' 
according  to  him,  "an  embodiment  of  a  creative  thought  of 
God."     But  this  fine   phrase  is  as  little  able  to  hold 
ground  against  the  criticism  of  natural  science,  as  all  othl 
attempts  to  preserve  an  absolute  conception  of  species, 
tliink  I  have  demonstrated  this  sufiGciently  in  my  Qt 
Morphologie  (vol.  li,  pp.  323—102),  in  the  exhaustive  critiqi 
there  given  of  the  morphological  and  physiological  idea 
species  and  of  systematic  categories. 

Moreover,  Agassiz  can  himself  hardly  have  believed  hw 
theosophic  phrases.  This  great  Amoiican,  who,  as  Cams 
Sterne  rightly  said,  laid  the  foundation  of  much  natural 
science,^  was,  in  reality,  gifted  with  too  much  genius 
actually  to  believe  in  the  truth  of  the  mystic  nonsense 
which  he  preached.  Crafty  calculation,  and  well-judj 
reliance  on  tlie  want  of  understanding  of  his  credult 
foUowera,  can  alone  have  given  him  cout^o  to  pass 
juggler's  pieces  of  his  anthropomorphic  Creator  as  true  coin. 
The  divine  Creator,  as  represented  by  Agassia,  is  but  an 
idealized  man,  &  highly  imaginative  architect,  who  ia  alwa; 
preparing  new  building  plans  and  elaborating  new  sj 
(Cf.  Chap.  III.  of  the  "  History  of  Creation,"  and  also 
Aims  and  Methods  of  the  History  of  Evolution."     Ji 
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When,  in  1873,  the  grave  closed  over  Louis  Agassiz,  the 
last   great   upholder  of  the   constancy   of  species   and   of 
miraculous  creation,  the  dogma  of  the  constancy  of  species 
came  to  an  end,  and  the  contrary  assumption — the  assertion 
that  all  the  various  species  descend  from  common  ancestral 
forms — now  no  longer  encounters  serious  difficulties.    All 
the  elaborate  inquiries  as  to  the  real  nature  of  species,  and 
how  it  is  possible  that  various  species  can  proceed  from 
a  single  ancestral  species,  have  now  been   brought  to  a 
perfectly  satisfactory  close  by  the  fact  that  the  shai-p  de- 
marcations between  species  and  variety  on  the  one  side, 
between  species  and  genus  on  the  other,  have  been  entirely 
set  aside.     I  have  given  the  analytical  evidence  of  this  in 
my  "  Monograph  on  Chalk  Sponges,*'  ^  which  appeared  in 
1872.     In  it  I  closely  examined  the  variations  of  all  the 
species  of  this  small,  but  highly  instructive  group  of  animals, 
and   demonstrated  in   every  instance  the  impossibility  of 
dogmatic  distinctions  of  species.     Just  in  proportion  as  the 
systematizer  takes  the  ideas  of  Genus,  Species,  and  Varieties 
in  a  wider  or  narrower  sense,  he  distinguishes  in  the  little 
group  of  Chalk  Sponges,  either  only  a  single  genus  with 
3  species,  or  3  genera  with  21  species,  or  21  genera  with 
111   species,  or  39  genera  with  281)  species,  or  even  113 
genera  with  591  species.     But  all  these  diverse  forms  are  so 
intimately  connected  by  numerous  transitions  and  inter- 
mediate forms  that  the  common  descent  of  all  the  Chalk 
Sponges  from  a  single  ancestral  form,  the  Olynthus,  can  bo 
proved  with  certainty. 

I  think  I  have  thus  given  the  analytical  solution  of  the 
problem  of  the  Origin  of  Species,  and  have  thus  satisfied  the 
demands  of  those  opponents  of  the  Theory  of  Descent  who 
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wished  to  see  the  origin  of  allied  speciea  from  a  siri2;Ie 
ancestral  form  proved  "in  special  instances."  Those  who 
are  not  satisfied  with  the  synthetic  proofs  of  the  truth 
of  the  Doctrine  of  Descent,  as  afforded  by  Comparative 
Anatoir;  and  Ontogeny,  Palieontology  and  Dysteleology, 
Chorology  and  Classification,  may  try  to  overthrow  tbeJ 
analytic  proofs  in  the  "Monograph  on  Chalk  Sponges^^ 
which  was  the  product  of  five  years  of  the  closest  observt^  | 
Uon.  I  repeat :  if  any  one  still  asserts,  in  opposition  to  tha 
Theory  of  Descent,  that  the  derivation  of  all  the  species 
of  a  group  has  hitherto  never  been  convincingly  shown 
in  a  special  instance,  the  assertion  is  now  completely  with- 
out foundation.  The  "Monograph  on  the  Chalk  Sponges " 
furnishes  this  analytic  proof  in  detail,  entirely  from  facts, 
and,  as  I  am  convinced,  also  with  incontrovertible  certainty. 
Every  naturalist  who  will  examine  the  extensive  material 
used  in  my  investigations,  and  follow  my  statements,  will 
find  that  in  the  Chalk  Sponges,  the  various  species  can  be 
traced  step  by  step  through  the  course  of  their  evolution  m 
statu  nasceiUL  But,  if  this  is  really  the  case,  if,  in  a  single 
cla^is  or  family,  the  derivation  of  all  the  species  from  a 
common  ancestral  form  can  be  shown,  then  the  problem  of 
the  Descent  of  Man  has  been  definitely  solved ;  and  we  are 
able  to  demonstrate  the  derivation  of  man  also  from  lower 
animals. 

The  di-mand  which  has  been  so  often  made,  and  which 
has  recently  been  repeated  even  by  well-known  naturalists, 
that  the  derivation  of  Man  from  the  lower  animals,  and 
immediately  from  Apes,  yet  requires  '"  sure  proof,"  has  thus 
been  satisfied.  These  "sure  proofs"  have  been  for  sonwa 
time  available  to  all  who  would  open  their  eyes  to  see  them  J 
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Quite  vainly,  many  so-called  ''  Anthropologists  "  demand  as 
proof,  that  direct  transitional  forms  between  Men  and 
Apes  should  be  found,  or  even  that  a  living  Ape  should 
be  deliberately  cultivated  into  a  Man.  Convincing  and 
"  sure  *  proofs  are  evident  in  the  abundant  material  which 
has  already  been  accumulated.  The  invaluable  sources 
of  Comparative  Anatomy  and  Ontogeny  afford  the  surest 
proof  of  Phylogeny.  It  is,  therefore,  unnecessary  to  search 
out  fresh  proofs  of  the  descent  of  the  human  race,  though 
it  is  necessary  to  recognize  and  to  learn  to  understand  the 
"  sure  proofs  "  which  have  been  obtained. 


CHAPTER  VI. 

THE  EGG  CELL  AND  THE  AMCEBA. 

The  Egg  of  Man  and  of  other  Animals  w  a  Simple  Cell. — Import  and 
Essential  Principles  of  the  Cell  Theory. — ProtoplaBm  (0eU-8nb«tanoe), 
and  the  Naclens  (Cell-kernel),  as  the  Two  Essential  CoiiBtiiaeni  Ftorts 
of  every  Genuine  Cell.— The  Undifferentiated  Egg-oell,  compared  with  a 
highly  Diffei-entiated  Kind-cell  or  Nerve-cell  of  the  Brain. — ^The  Cell  »a 
an  Elementary  Organism,  or  an  Individaal  of  the  First  Order. — The 
Phenomena  of  its  Life. — The  Special  Constitation  of  the  Eg^-oell. — 
Yelk. — The  Germ-vesicle. — The  Germ- spot.— The  Egg-membrane,  or 
Chorion. — Application  of  the  Fundamental  Principle  of  Biogeny  to 
the  Egg.cell. — One-celled  organisms. — ^The  AmoebsB. — Organisation  and 
Vital  Phenomena. — Their  Movements. — Amosboid  Cells  in  Many-oelled 
Organisms. — Movements  of  such  Cells,  and  Absorption  of  Solid  Matter.— 
Absorbent  Blood  Corpuscles. — Comparison  of  Amoeba  with  Egg-cell. — 
Amoeboid  Egg-cells  of  Sponges. — The  Amodba  as  the  Common  Ancestral 
Form  of  Mouy-cclled  Organisms. 

*'The  ancestors  of  the  higher  animals  most  be  regarded  as  one-oeRod 
beings,  similar  to  the'AmcBbae  which  at  the  present  day  occnr  in  our  rivers, 
pools,  and  lakes.  The  incontrovertible  fact  that  each  human  individual 
develops  from  an  egg,  which,  in  common  with  those  of  all  animals,  is  a 
simple  cell,  most  clearly  proves  that  the  most  remote  ancestors  of  man 
wore  primordial  animals  of  this  sort,  of  a  form  equivalent  to  a  simple  oelL 
When,  therefore,  the  theory  of  the  animal  descent  of  man  is  condemned  as 
a  '  horrible,  shocking,  and  immoral '  doctrine,  the  unalterable  fact,  which 
can  bo  proved  at  any  moment  under  the  microscope,  that  the  hnmaa  egg 
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is  A  simple  cell,  which  is  in  no  way  different  to  those  of  other  mammals, 
most  equally  be  prononnced  '  horrible,  shocking,  and  immorad.'  " — Stamm* 

BAXDC  Dtt  MAN8CUSNOXSC0LECUT8  (1870.) 

Ik  order  dearly  to  understand  Ontogeny,  or  the  evolution 
of  the  individual  Man,  the  most  significant  of  the  many 
wonderful  and  varied  facts  which  meet  us  must  first 
be  brought  into  prominence,  and  then  from  the  important 
points  of  view  thus  gained,  the  innumerable  less  weighty 
and  important  phenomena  must  be  explained.  The  first 
and  most  important  point  of  view,  and,  therefore,  the 
starting-point  of  our  ontogenetic  studies,  is  the  fact  that 
every  human  individual  is  developed  from  an  entirely 
simple  cellular  egg.  The  human  egg-cell  is,  in  its  whole 
form  and  constitution,  not  essentially  different  from  those 
of  other  Mammals,  though  there  is  some  difierence  between 
the  ^g-cells  of  Mammals  and  those  of  other  animala 

This  most  important  fact,  the  fundamental  significance 
of  which  is  hardly  surpassed  by  any  other,  is  of  recent 
discovery.  It  was  only  in  1827  that  Baer,  by  practical 
observation,  discovered  the  human  and  mammalian  egg. 
Before  that,  the  larger  vesicles,  which  in  reality  contain  the 
true  and  much  smaller  egg,  had  been  erroneously  regarded 
as  the  egga  Of  course  the  important  discovery  that  the 
mammalian  egg  is  a  simple  cell  like  that  of  other  animals 
could  only  be  made  after  the  establishment  of  the  Cell 
Theory,  which  was  first  laid  down,  with  respect  to  plants, 
by  Schleiden,  and  extended  to  the  animal  kingdom  by 
Schwann  in  1838.  The  reader  is  already  aware  of  the 
great  importance  of  the  Cell  Theory  in  the  complete  ex- 
planation of  the  human  organism  and  its  evolution.  It 
therefore  seems   desirable  to  say  a  few  words  as  to  the 
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has  been  regarded  during  the  last  thirty-five  years  as  the 
true  basis  of  all  morphological  and  physiological  know- 
ledge in  Zoology  and  Botany,  it  is  especially  necessary  to 
conceive  the  cell  as  an  integral  organism,  or,  in  other  words, 
an  independent  living  being.  When  by  dissection  we  have 
separated  the  developed  body  of  a  Man,  or  of  any  other 
animal  or  plant,  into  its  organs,  and  when  we  then  proceed 
further  to  examine  by  means  of  the  microscope  the  more 
minute  constituents  of  these  larger  organs,  which  give  the 
form  to  the  whole  organism,  we  are  surprised  to  find  that  all 
these  various  parts  are  made  up  of  the  same  fundamental 
constituents  or  structural  elements;  and  these  are  cells. 
Whether  we  examine  anatomically  and  by  means  of  the 
microscope,  a  lea(  a  flower,  or  a  fruit ;  or  again,  a  bone,  a 
miiscle,  a  gland,  or  a  piece  of  skin,  etc.,  we  everywhere  find 
one  and  the  same  form-element,  which  has  been  called  the 
Cell,  since  Schleiden  gave  it  that  name.  Very  dificrent 
views  are  held  as  to  the  real  nature  of  this  cell ;  but  what- 
ever we  think  of  it,  it  must  be  regarded  as  an  independent 
life-unit.  The  tiny  cell  is,  as  Brlicke  says,  "  an  elementary 
organism,"  or,  as  Virchow  expresses  it,  a  "seat  of  life" 
(LAenahcerd).  It  is,  perhaps,  most  accurately  described  as 
the  organic  unit  of  form  of  the  lowest  grade,  as  an  indi- 
vidual of  the  first  order  (Generelle  Morpholoyie,  vol.  L 
p.  269).  Tliis  unit  is  such  both  in  anatomical  form,  and  in 
physiological  function.  In  the  Protista,  in  the  one-celled 
pLonts  and  primitive  animals,  the  whole  organism  per- 
manently consists  only  of  a  single  cell  On  the  contrary,  in 
most  animals  and  plants,  it  is  only  in  the  earliest  period 
of  individual  existence  that  the  organism  is  a  simple  cell ; 

it  afterwards  forms  a  cell-society,  or,  more  correctly,  an 
II 
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organized  cell-state.  The  human  body  is  not  in  reality  a 
simple  life-unit,  as  is  at  first  the  universally  current,  simple 
belief  of  men.  It  is,  rather,  an  extremely  complex  social 
community  of  innumerable  microscopic  organisms,  a  colony 
or  a  state,  consisting  of  countless  independent  life-units,  of 
different  kinds  of  ceUs.*^ 

The  term  cell  is,  in  reality,  not  well  chosen.  Schleiden, 
who  fii*st  introduced  it  as  a  scientific  term  in  the  sense  in 
which  it  is  used  in  the  cell  theory,  named  the  little  element- 
ary organisms  "  cells,"  because  in  a  cross-section  of  most 
parts  of  plants,  they  look  like  chambers,  which,  like  the  cells 
of  a  honeycomb,  are  massed  together,  are  separated  by  solid 
walls,  and  are  filled  with  liquid  or  a  soft  pulpy  substance. 
This  conception  of  the  ceU,  as  held  by  Schwann,  namely, 
that  it  was  a  small  closed  sac,  or  bladder,  filled  with  a 
fluid,  and  surrounded  by  a  solid  envelope,  or  wall,  continueil 
prevalent  for  a  long  time ;  but  in  the  case  of  most  of  the 
cells  in  the  animal  body,  it  is  altogether  inapplicable.  The 
further  the  investigation  of  the  cells  of  the  animal  body  was 
carried,  the  more  evident  it  became  that  the  cell  must  ha 


Fig.  2. — Ten  cells  from  the  liver;  one  (6)  has  two  kernels. 

Fig.  3. — Three  epithelial  cells  from  the  mncons  membrane  of  the  tongue. 
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entirely  differently  conceived.  The  cell  is  now  usually 
defined  as  a  small  semi-solid  or  seiui-fluid  (i.e.  neither  solid 
nor  fluid)  dense  body,  the  chemical  nature  of  which  is  albu- 
minous, and  in  which  another  small  roundish  body,  generally 
more  solid,  and  also  albuminous,  is  enclosed.  An  envelope 
or  .membrane  may  exist,  as  is  the  case  with  most  plants 
cells ;  but  it  may  be  wanting,  as  in  most  animal-cells. 
Originally  it  is  never  present.  The  young  cells  are  usually 
roundish  in  form,  but  they  afterwards  vary  very  greatly. 
The  cells  from  different  parts  of  the  human  body,  repre- 
sented in  Figures  2-6,  may  be  compared  as  examples. 


Fi«.  *,— Ktb  thorny,  or  heckle- celle,  the  edges  of  which  fit  into  each 
other,  from  the  epidenniB  ;  one  (&)  ie  gepkrated  from  the  rest. 

The  most  essential  feature  in  the  modem  conception  of 
the  cells  is,  therefore,  that  the  cell-body  is  composed  of  two 
distinct  parts.  The  one  constituent  jtart  is  the  inner,  and 
is  called  the  nucleus  (cytobtuatus) ;  this  is  generally  of  a 
round,  oval,  or  spherical  form,  usually  more  solid,  seldom 
softer  than  the  protoplasm,  and  consists  of  a  peculiar 
albuminous  substance,  the  nuelein  or  kernel-substance ;  the 
second  essential  constituent  part  of  every  cell  is  the  cell- 
slime  or  cell-substance — the  proto(>lasni,  or  ])rjmitive  slime 
[UriKhleim  of  the  older  natural  philosophers).  Thi.s  proto- 
plasm, which  surrounds  the  nucleus,  also  belongs,  in  jxiint 
of  chemical  composition,  to  the  class  of  albuminous  sub- 
stances,  and   is   a   compound  of   carbon,  containing   some 
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atoms  of  nitrogen.  It  remains  throughoat  life  in  a  soft 
cooditioD  of  density,  or  aggregation,  neither  solid  nor  Huid 
The  albuminous  composition  of  the  protoplasm  is  similar 
to  that  of  the  nucleus,  but  is  yet  essentially  and  constantly 
diverse. 


FlO- 6- — Eleven  atnr-Bliapoii  enamel  co  11a  from  a  tooth;  they  a 
npctcd  bj  tikcir  branched  procetwea. 
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Nucleus  and  protoplasm,  the  inner  cell-kernel  and  the 
outer  cell-slime,  are  the  only  two  essential  constituents  of 
every  genuine  cell.  Everything  else  which  occurs  in  and 
on  the  cell,  is  of  secondary  importance,  as  it  develops  after- 
wards ;  the  membrane,  which  may  be  variously  constituted, 
hjid  is  often  very  thick ;  the  intermediate  cell-mass,  or  inter- 
cellular substance,  which  is  secreted  between  the  contiguous 
cells ;  and  also  the  bodies  of  various  kinds  contained  in  the 
cell,  such  as  fatty  particles,  crystals,  grains  of  colouring 
matter,  water-vesicles,  etc  All  these  are  subordinate  and 
passive  parts,  which  are  formed  by  the  activity  of  the 
protoplasm  or  are  taken  up  from  without,  and  are  of  no 
interest  to  us  at  present  The  nucleus  and  the  protoplasm 
are  the  only  two  active,  essential,  and  always  present  parts 
of  the  cell-oi^anism. 

In  contrast  to  the  simple  cell  (Fig.  1,  p.  122),  let  us 
compare  with  it  a  large  nerve-cell,  or  ganglion-cell  of  the 
brain.  The  egg-cell  potentially  represents  the  whole 
animal — that  is,  it  possesses  the  capacity  to  develop  from 
iUelf  the  entire  multi-cellular  animal  body;  it  is  the 
common  mother  of  all  the  generations  of  innumerable  cells, 
which  form  the  various  tissues  of  the  animal  body :  in  a 
certain  sense  it  unites  in  itself  their  various  powers,  but 
only  potentially,  only  in  design.  In  direct  contrast  to  this, 
tho  nerve-cell  of  the  brain  (Fig.  7)  is  an  extremely  one- 
sided formation.  It  cannot,  like  the  egg-cell,  develop 
from  itself  numerous  generations  of  cells,  of  which  some 
transform  themselves  into  skin-cells,  some  into  flesh-cells, 
and  others  into  bone-cells,  eta  But  instead,  the  nerve-ceU 
which  is  formed  for  the  highest  activities  of  life,  possesses 
Uie  capacity  to  feel,  to  will,  to  think.     It  is  a  true  mind- 
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Fio.  7. — A  large  branched  nerre-cell,  or  "  mind-oell,**  from  the  brain  of 
an  Electric  Fish  (Torpedo) ;  600  times  the  natural  size.  The  large,  bright, 
globular  kernel  (naclens)  lies  in  the  centre  of  the  cell ;  this  nucleos  contains 
a  nncleolna,  and  in  that,  again,  there  is  a  nncleolinos.  The  protoplasm  of 
the  cell  has  separated  into  innumerable  fine  threads  (or  fibrillso),  which  are 
embedded  in  the  inter-oellnlar  substance,  and  which  pass  oat  into  the 
branched  processes  of  the  cell.  An  nnbranohed  process  (a)  passes  over 
into  a  nerve  vessel.     (After  Max  Schnltze.) 

cell,  an  elementary  organ  of  mental  activity.  Correspond- 
ingly, it  has  an  extremely  complex  minute  structure.  Innu- 
merable filaments  of  exceeding  fineness,  which  may  be  com- 
pared to  the  numerous  electric  wires  of  a  great  central 
tel^raph  station,  traverse,  crossing  each  other  again  and 
again,  the  finely  granulated  protoplasm  of  the  nerve-cell 
and  pass  into  branched  processes,  which  proceed  from  this 
mind-cell,  and  connect  it  with  other  nerve-cells  and  nerve- 
fibres  (a,  b).  It  is  scarcely  possible  to  trace,  even  approxi- 
mately, the  tangled  paths  of  these  filaments  in  the  fine 
substance  of  the  protoplasmic  body. 

We  thus  have  before  us  a  highly  complex  apparatus, 
the  more  minute  structure  of  which  we  have  hardly  begun 
to  know,  even  with  the  help  of  our  strongest  microscope, 
and  the  significance  of  which  we  rather  guess  than  know. 
Its  complex  mechanism  is  capable  of  the  most  intricate 
psychical  functions.  But  even  this  elementary  organ  of 
mental  activity,  of  which  there  are  thousands  in  our  brain, 
is  only  a  single  celL  Our  whole  intellectual  life  is  but  the 
sum  of  the  results  of  the  activity  of  all  such  nerve-cells  or 
mind-cells.  In  the  centre  of  each  cell  lies  a  large  trans- 
parent ball,  which  encloses  a  smaller  dark  body.  This  is 
the  nucleus  which  contains  the  nucleolus.  Here,  as  every- 
where, the  nucleus  determines  the  individuality  of  the 
cell,  and  shows  that  the  entire  formation,  notwithstanding 
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i  and  complex  structure,  is  to  form  ooly  a,  slugtu 


its  miDute 
ceU. 

In  contrast  to  this  higbly  comjilex  Bpecialized  mind- 
cell  C^ig-  7)  b  the  egg-cell  (Fig.  1),  which  is  ia  no  wav 
specialized.  Yet  here,  also,  we  are  obliged  to  infer  from  ita 
active  properties  a  highly  complex  chemical  composition  of 
its  protoplasmic  substance,  and  a  minute  molecular  straiy 
ture,  which  ai«  completely  hidden  from  our  eyes. 

The  description  of  these  cells  aa  elementary  organisms, 
or  individuab  of  the  first  order,  must  be  somewhat  ijualified. 
For  cella  by  no  means  represent  quite  the  lowest  grade  of 
organic  individuality,  as  that  is  usually  understood.  There 
are  yet  more  simple  elementary  organisms  at  which  we 
will  now  give  a  passing  glance,  in  order  to  return  to 
them  hereafter.  These  are  cytods :  living,  independent 
psistonces  which  consist  merely  of  an  atom  of  plasson ;  in 
other  words,  of  an  entirely  homogeneous  atom  of  an  albu- 
minous substance,  which  is  not  yet  diH'erentiated  into 
nucleus  and  protoplasm,  but  exercises  the  properties  of  both 
unitod.  For  example,  the  remarkable  Monera  are  cytods 
of  this  kind.  (Cf.  Chapter  XVI.)  Strictly  speaking,  we 
should  say :  the  elementary  organism,  or  the  individual  of 
the  first  order,  occurs  in  two  different  grade&  The  first  and 
lowest  ia  the  cytod,  which  consists  merely  of  an  atom  of 
simple  plaaaon.  The  second  and  higher  gi'ade  is  the  cell, 
which  has  been  ditferentiated  into  nucleus  and  protoplasm. 
Both  grades,  cytods  and  cells,  are  grouped  together  imd« 
the  idea  of  scidptors  or  builders,  because  they  alone 
reality  build  the  organism.^  But  in  higher  animals 
plants,  such  cytods  do  not,  aa  a  rule,  appear,  so  that  onl/" 
actual  nucleated  cells  occur.    Hei'e,  therefore,  the  elcmieiitary 
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individual  always  consists  of  two  different  parts,  the  outer 
protoplasm  and  the  inner  nucleus. 

In  order  to  be  thoroughly  convinced  that  every  cell  is 
an  independent  organism,  it  is  only  necessary  to  trace  the 
active  phenomena  and  the  development  of  one  of  these  tiny 
bodies.  We  then  see  that  it  performs  all  the  essential  life- 
functions  which  the  entire  organism  accomplishes.  Every 
one  of  these  little  beings  grows  and  feeds  itself  indepen- 
dently. It  assimilates  juices  from  without,  absorbing  them 
from  the  surrounding  fluid;  the  naked  cells  can  even 
take  up  solid  particles  at  any  point  of  their  surface,  and 
therefore  eat  without  using  any  mouth  or  stomach. 
(Cf  Fig.  15.)  Each  separate  ceU  is  also  able  to  re- 
produce itself  and  to  increase  (Fig.  8).  This  increase 
generally  takes  place  by  simple  division,  the  nucleus  parting 
first,  by  a  contraction  round  its  circumference,  into  two 
part8;  after  which  the  protoplasm  likewise  separates  into 
two  divisions.     The  single  cell  is  also  able  to  move  and 


Fig.  8.  —  Blood-cells,  which  increase  bj 
dirision,  from  the  embrjo  of  a  young  stag. 
Each  blood-cell  has  originally  a  kernel,  and  is 
globular  (a).  When  they  are  about  to  in. 
crease,  the  cell-kernel,  or  nucleus,  first  separ- 
ates into  two  kernels  (6,  c,  d).  The  protoplas- 
mic body  then  becomes  pinched  in  at  a  point 
between  the  two  kernel jt,  which  becomo  more 
widely  separated  from  each  other  (e) .  Finally 
a  complete  separation  between  the  two  pails 
is  effected  at  the  point  where  tho  original  coll 
was  pinched  in,  so  that  there  arc  now  two 
cells  (/).     (After  Froy.) 


(!) 


creep  about,  if  it  has  room  for  free  motion,  and  is  nut  pre- 
vented by  a  solid  covering ;  from  its  outer  surface,  it  sends 
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out  and  draws   back   again,  finger-like  processes,  thereby 
modifying  its  form  (Fig.  9).     Finally,  the  young  cell  has 


Fio.  9.— Active  cells  from  tlie 
inflamed  eye  of  a  Froj^  (from  the 
watery  moisture  of  the  eye,  tbe 
humor  <iqueu$),  Tbe  naked  cells 
move  freely  and  creep  aboot; 
like  AmoebsB  and  Bhizf>pods  they 
accomplish  this  by  extending  deli- 
cate processes  from  their  naked 
protoplasmic  bodiesL  These  pro- 
cesses continually  alter  in  number, 
form,  and  size.  The  kernel  of  these 
amoeboid  lymph-cells  is  not  visible, 
being  cohered  bjr  the  nomeroos  deli, 
cate  grannies  which  are  scattered 
in  the  protoplasm.     (After  Frey.) 


feeling,  and  is  more  or  less  sensitive.  It  performs  certain 
movements  on  the  application  of  chemical  and  mechanical 
irritants.  Thus  we  can  trace  in  every  single  cell  aU  the 
essential  functions,  the  sum  of  w^iich  constitute  the  idea  of 
life:  feeling,  motion,  nutrition,  reproduction.  All  these 
properties  which  the  multi-cellular,  highly  developed  animal 
possesses,  appear  in  each  separate  cell,  at  least  in  its  youth. 
There  is  no  longer  any  doubt  about  this  fact,  and  we  may 
therefore  regard  it  as  the  basis  of  our  physiological  idea  of 
the  elementary  organism. 

Without  lingering  here  over  the  extremely  interest- 
ing phenomena  of  cell-life,  we  will  at  once  attempt  to 
apply  the  Cell  Theory  to  the  egg.  The  comparison  which 
we  have  madt*  leads  to  the  important  result  that  we 
nuist  regard  every  egg  as  originally  a  simple  cell.  Tliis 
is  of  the  highest  significance,  because  the  whole  Science  of 
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Ontogeny  can  be  demonstrated  in  answer  to  the  problem : 
**  How  does  a  many-celled  oi'ganism  arise  from  a  one-celled 
organism?"  Every  individual  organism  is  originally  a 
%imple  cell,  and  as  such^  an  elementary  organism,  or  an 
individual  of  the  first  order.  It  is  only  at  a  later  period 
that  this  cell  gives  rise,  by  division,  to  a  multitude  of  cells, 
from  which  the  many-celled  organism,  an  individual  of  a 
higher  order,  is  developed. 

If  we  next  observe  somewhat  more  closely  the  original 
composition  of  the  egg-cell,  we  notice  the  very  remark- 
able fact,  that  in  its  original  condition  it  is  so  exactly 
the  same  in  Man  as  in  all  other  animals,  that  it  is  im- 
possible to  discover  any  essential  difi^erenca  At  a  later 
period,  the  eggs,  even  when  they  remain  one -celled,  are 
veiy  difierent  in  size  and  form,  have  different  coverings,  etc 
But,  if  they  are  sought  in  the  place  where  they  originate, 
in  the  ovary  of  the  female  animal,  these  primitive  eggs,  in 
the  first  stages  of  their  life,  are  found  to  be  always  of  the 
same  formation — every  primitive  egg  being  originally  an 
entirely  simple,  somewhat  round,  moving,  naked  cell,  pos- 
sessing no  membrane,  and  consisting  only  of  the  nucleus 
and  protoplasm  (Fig.  10).  These  two  parts  have  long 
borne  distinctive  names;  the  protoplasm  being  called  the 
vitellus,  or  yelk,  and  the  nucleus  the  germinal  vesicle, 
{yesicula  germi/nativa).  As  a  rule,  the  nucleus  of  the  egg 
is  of  a  soft,  often  vesicular  texture.  Within  this  nucleus, 
as  in  many  other  cells,  is  enclosed  a  third  body,  which  in 
ordinary  cells  is  called  the  nucleolus.  In  the  egg-cell  it  is 
called  the  germinal  spot  (macula  germinaiiva).  Lastly,  in 
many,  but  not  in  all  eggs,  within  this  germinal  spot,  is  found 
yet  another  little  point,  a  nucleolinu8,  which  may  be  called 
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Fio.  LO.— Primitive  egftt  of  Tsnoiu  aniiiiaU.  pnrfnnninic  Kmnbnid  b 
Bient«  (verj  amcU  ciilu'geJ).  All  prlToitifii  cpfr*  orr  nnkcil  wll*,  ir>f«U«4 
ohaiiga  ft  tumi.  Within  the  dark,  fiiiel;  grennlab'il  iir()(ii|iliMin  (•Kf-J*)! 
lies  K  large  TeiicuUr  kernel  (Ihe  genn.resiclp),  mid  b  the  Iktler  tl|j 
utieleulna  (Kerm-epDt)  i  in  the  nuclGolns  a  gnnn.point  (nnclmliDtn)  u  ol 

visible'.     Fig.  A  l~-A  i.  The  primilivn  egK  o(  a  Cbnik  Rponitn  (£««mJ   

ecUnui),  in  funr  coDSCcative  condilionc  of  motion.  Pig.  fi  1 — D  S-  ttt  | 
primilive  tags  i)f  m  Hennin^rab  (CtuftdTaranlhat  wntiitu*).  tn  inglil  can**- 
cativ*  conditiniiB  of  molioa  (after  E,  vuii  Iloneden).  F^g.  C  \~C  i. 
Primitive  egg  or  ■  Cat,  in  four  diffcrene  rnnilitinnR  of  motion  (atmr  rflugrn 
Fig.  P.  Priniitivfl  egg  of  a  TronI,  Fig.  K.  PriuiiliTe  e(tg  of  a  lion.  >t| 
A  Primili.c  l...<n»n  e -g. 
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the  germinal  point  (punctum  germinatiuum).  But  these 
last  two  parts,  the  germinal  spot  and  the  geiminal  point,  are 
only  of  subordinate  importance ;  only  the  first  two  parts  are 
of  primary  importance,  the  protoplasm  (Vitellus)  and  the 
nucleus  (vesicula  germinativa). 

In  many  lower  animals,  for  example,  in  Sponges  and 
MeduacB,  the  egg-cells  retain  their  entirely  simple  original 
nature  until  fertilization.  But  in  most  animals  they 
undergo  certain  changes  before  that  time ;  they  sometimes 
MX^uire  certain  additional  Protoplasm,  which  serves  for  the 
nourishment  of  the  egg  (food-yelk),  sometimes  outer  en- 
velopes or  membranes,  which  serve  for  its  protection 
(egg-membranes).  An  envelope  of  this  sort  appears  on  all 
mammalian  eggs-  in  the  course  of  their  further  develop- 
ment. The  little  sphere  is  surrounded  by  a  thick  covering 
of  a  perfectly  transparent,  glass-like  nature,  which  is  dis 
tinguished  as  the  zona  pellucida,  or  chorion  (Fig.  11).  When 
this  is  very  closely  examined  under  the  microscope,  very 
tine  radial  lines  may  be  distinguished,  traversing  the  zona ; 
these  are  very  fine  canals.  The  human  egg  cannot  be 
distinguished  firom  that  of  most  other  Mammals  either 
in  its  immature  or  in  its  more  complete  condition.  Its 
form,  its  size,  its  composition,  are  approximately  the  same 
in  alL  In  its  fully  developed  condition,  it  has  an  average 
diameter  of  ^  of  a  line,  or  02  millimetres.  If  the  mam- 
malian egg  is  properly  isolated  and  held  on  a  glass  plate 
loward  the  light,  it  appears  to  the  naked  eye  as  a  very  fine 
point  The  eggs  of  most  of  the  higher  Mammals  are  of 
exactly  the  same  size.  The  diameter  of  the  spherical  egg- 
cell  almost  always  measures  from  t\j  ^  2*5  ^^  ^  li^®  (i — ^o 
of  a  millimetre).     It  has  always  the  same  splierical  form. 
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always  the  same  characteristic  thick  covering;  always  tl.t- 
Bame  clear,  round  germinal  vesicle  with  ita  dark  germinal 
spot.     Even  under  the  highest  magnifying   jiower  of  '■ 


Fm  II— A  hntimn  ef^  (much  cnlnrnod)  tmm  the  ovary  of  a 
Thu  <>tIiu1?  egg  is  a  simple  tpbrrical  cell.  The  l^roster  pnri  of  ihu  oi 
furmrd  bj  tlie  eigg-fplk,  by  tlie  ^^nnlar  ccU-sabataitc^  (proluplaaD 
aiflLiiiK  of  innnnierublo  ji^lk-grannlee  »ilh  a  titlle  inler-grannlar  (uba 
Id  Lbs  ii|iper  part  of  the  jelk  lies  the  bright,  glubDhtr,  gcrm-TeaJole,  e 
kpondmg  with  th«  ccU-lceniel  (nurtni«).  Thie  cflOtaina  a  d«rkor  gem-q 
BliHwering  to  the  nucleulua.  The  glubalnr  yelk  n 
a  thick,  tight-coloured  egg-tnembmno  {vna  pdlxcida,  c 
Intrerscd  by  rery  numeniiia  hair-like  lines,  nulialjng  lowanla  the  o 
point  (if  the  man )  these  are  the  puruns  eanalo,  tbrougb  which,  in  Ihi 
ot  tertiliiation,  tha  (hruad-Hlia|icd,  nolke  iperm-cella  petwtmtc  i 
•Wt-T'-'k. 
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best  microBcope,  there  appears  to  be  no  essential  difference 
between  the  eggs  of  Man,  of  the  Ape,  of  the  Dog,  etc. 
This  does  not  mean  that  they  are  not  really  different 
in  these  different  Mammals.  On  the  contrary,  we  must 
assume  that  such  differences,  at  least  in  point  of  chemical 
composition,  exist  universally.  Even  of  human  eggs,  each 
differs  firom  the  other.  In  accordance  with  the  law  of 
individual  variation^  we  must  assume  that  "  all  individual 
organisms  are,  from  the  very  beginning  of  their  in- 
dividual existence^  different,  though  often  very  similar." 
{Gen.  Morpk.  voL  ii  p.  202).  But  with  our  rough  and 
incomplete  apparatus  we  are  not  in  a  position  actually 
to  perceive  these  delicate  individual  differences,  which 
must  often  be  sought  only  in  the  molecular  structure.  Yet 
in  spite  of  tiiis,  the  remarkable  morphological  similarity 
of  human  and  mammalian  eggs,  which  has  the  appearance 
of  absolute  similarity^  remains  a  strong  argument  in  favour 
of  the  common  descent  of  Man  and  the  other  Mammals. 
The  similar  embryo-form  bears  witness  to  the  common 
parent-form.  On  the  other  hand,  there  are  striking  pecu- 
liarities by  which  the  ripe  mammalian  egg  may  be  very 
easily  distinguished  from  the  ripe  eggs  of  Birds  and  other 
Vertebrates.    (C£  the  end  of  Chapter  XXV.) 

The  ripe  egg  of  the  Bird  is  especially  different,  although 
as  a  primitive  egg  (Fig.  10,  E)  it  was  entirely  similar  to 
that  of  Mammals.  But  the  egg-cell  of  the  Bird  at  a  later 
period,  though  while  still  within  the  oviduct,  absorbs  a  mass 
of  food  which  it  elaborates  into  the  large  and  well-known 
yellow  yelk.  If  a  very  young  egg  from  the  ovary  of  a  hen 
is  examined,  it  is  found  to  be  exactly  like  the  young  egg- 
cells  of  Mammals  and   other  animals   (Fig.  10).     But  it 


afterwards  grows  so  considerably  that  it  expands  to  t 
well-known  yellow  tall  of  yelk.     The  nucleus,  or  the  gen 
nal  vesicle,  of  the  egg-cell,  is  thus  pressed  on  to  the  a 
of  the  spherical  cell,  and  b  there  embedded  in  a  small  mttm 
of  clear,  so-called  while  yelk,     Tliis  then  forms  a  circular 
white  spot,  which  is  called  the  tread,  or  cicatricle  (dca 
tricula,  Fig.  12,  b).     From  the  tread  a  thin  cord  of  wliiU 
yelk  passes  tlirough  the  yellow  to  the  middle  of  the  round] 
cell,  where  it  swells  to  a  little  central  ball,  the  falsely-called  \ 
yelk-cavity  (latebra.  Tig.  12,  d).    The  yellow  yelk,  which  ^ 
surrounds  this  white  yelk,   appears  in  the  hardened  t 
in  concentric  layers  (c).     The  yellow  yelk  is  encirdctl  1 
&  delicate  structureless  yelk-skin  (TnembraTia  viteUina,  n),  < 

Of  late  it  has  been  widely  believed  Uiat  the  large  yollovrl 
egg-cell  of  the  Bird,  which  in  the  case  of  the  largest  binii  T 
reaches  a  diameter  of  several  inches,  cannot  be  regarded  aa 
s  simple  cell.     But,  with  Gegenbaur,  we  believe  this  view 
to  be  erroneous.    The  unimpregnated  and  unsegmented  egj- 
cell  of  the  Bird,  with  its  simple  nucleus,  remains  a  simplo 
ceil,  even  though  its  yellow  yelk-substance  increases  very 
greatly.     Every  animal  which  consists  of  a  single  cell,  cvcty 
Amteba,  every  Gregarina,  every  Infusorial  animal,  ia  < 
celled,  and  remains  so,  however  much  food  of  various  kinds  I 
it  absorbs.     In  the  same  way  the  egg-cell  remains  a  simpls  I 
cell,   however  much   food-yelk   it   may  afterwards  collect  ] 
within  its  protoplasm.     Gegenbaur  has  proved  tills  clearly  1 
in  hia  excellent  work  on  the  embrj'os  of  Vertebrates," 

The  Bird's  egg,  of  course,  assumes  a  different  form  i 
Boon  aa  it  is  fertilized.    Its  germinal  vesicle,  or  nucleus,  then  J 
separates   by  repeated  division  into  many  parts,  and  th< 
protoplasm   of    the    tread,  which   surrounds    it.   is  ( 
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^londiiigiy  divided.  At  this  stage  the  egg  consists  of 
u  many  celln  ae  there  are  nuclei  in  the  tread.  Hence,  the 
yellow  ball  of  yelk  of  the  impregnated  egg,  as  it  is  laid, 
and  as  we  eat  it  every  day,  is  already  a  many-celled  body. 
Its  tread  is  compoeed  of  many  cells,  and  is  now  dis- 
tinguished as  the  germ-disc  (discus  Uaatodeifiiicue}.  In 
the  eighth  chapter  we  shall  refer  to  this  ^ain. 


Fio,  12. — A  ripe  egg-coll  from  the  ovary 
of  a  ben.  The  y ello*  nutritive  yelk  (e)  is 
compoasd  of  many  conceDtric  Btiata  (d)  and 
i*  (arronnded  by  a  thin  yelk-membrane  (a). 
The  oell-kemel,  or  germ-Tetriole,  lies  in  the 
Dpper  part,  in  the  tread  (b).  l^m  this  the 
white  yelk  psues  into  the  centre  of  the 
jelk-caTity  (d*)-  1^  two  kinds  of  yelk 
ara  not,  however,  distinctlj  separated. 


After  the  ripe  egg  of  the  Bird  (Fig.  12)  has  left  the  ovary 
and  has  been  fertilized  in  the  oviduct,  it  surrounds  itself 
witb  various  coverings  which  are  secreted  from  the  inner 
snrfiace  of  the  oviduct.  The  thick  layer  of  transparent 
albumen  first  forms  round  the  yellow  yelk  ;  this  is  followed 
by  the  formation  of  the  outer  calcareous  shell,  within  which 
lies  another  envelope  of  skin.  All  these  coverings  and 
additions  which  are  gradually  formed  around  the  egg,  are  of 
no  importance  to  the  development  of  the  embiyo ;  they  are 
parts  that  have  nothing  to  da  with  the  original  Nimple  egg- 
cell.  Even  in  the  case  of  other  animals  we  often  find  very 
lai]ge  eggs  with  thick  coverings, — for  example,  in  that  of 
the  Shark.  In  this  case  also  the  egg  is  originally  exactly 
similar  to  those  of  Mammals,  that  is,  it  is  a  simple  naked 
cnlL     But,  aH  in  the  case  of  Birds,  a  considerable  quantity 
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of  food-yelk  is  collected  within  the  original  yelk,  sa  pro- 
for  the  growing  embryo :  various  coverings  an 
formed  around  the  egg.  The  e^-cclls  of  many  other 
animals  receive  similar  intemaJ  and  external  additions. 
Bot  as  these  are  always  of  subordinate  importance  in  the 
formation  of  the  embryo  itself,  serving  either  aa  food,  or  as 
a  protecting  covering  for  the  embryo,  we  may  disregard 
them  entirely,  and  turn  our  attention  to  the  most  important 
point, — the  essential,  stmilarity  of  the  original  egg-cells  of 
Man  avd  other  animals  (Fig  10). 

Let  UB  here  make  use  for  the  first  time  of  our  funda- 
mental biogenetic  law,  and  apply  this  causal  law  of  develop- 
ment directly  to  the  human  egg-cell.     This  results  in  t 
extremely  simple,  but  highly  important  conclusion.    Fromm 
t)ie  one-celled  organisation  of  the  human  egg  aTid  of  lkt% 
eggs  of  the  other  aniraals,  the  amdusion  directhj  folltA 
according  to  this  fundamental  law  of  Biogeny,  tJmt  < 
animala,  including  Man,  deecend  originally  from,  a  < 
celled  organiem.    If  that  fundamental  principle  is  real^^ 
true,  if  germ-history  or  the  development  of  the  individual 
is  an  epitome  or  a  brief  reproduction  of  the  tribal  histniy  of 
the  development  of  the  race  (and  it  is  impossible  to  doubt 
this),  then,  from  the  fact  that  all  eggs  are  originally  simple 
cells,  we  must  necessarily  conclude,  that  all   many-celled 
organisms  are  descended  from  a  one-celled  organism.    As, 
however,  the  original  egg-cell  has  the  same  structure  in  the 
ease  of  Man  aa  in  that  of  all  other  animals,  we  may  reason- 
ably asfiume  that  this  one-celled  original  form  was  probably 
tha  common   one-celled   ancestral   organism   of  tlie  whole 
animal  kingdom,  including  Man.    But  this  last  hypothesis  i|^ 
by  no  means  as  certain  as  the  former  conclusion. 
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The  inference  from  the  one-celled  germ-form  to  the 
one-celled  parent-form  is  so  simple,  and  yet  so  full  of  sig* 
nificance,  tiiat  it  is  impossible  to  lay  too  much  stress  upon 
it.  Naturally  the  first  question  arising  is,  whether  there 
exist  at  the  present  day  any  one-celled  organisms,  from  the 
form  of  which  we  may  draw  an  approximately  correct 
conclusion  as  to  the  one-celled  ancestors  of  many-celled 
organisms?  The  answer  to  this  question  is  imdoubtedly 
aflBrmatiya  There  are  most  certainly  one-celled  organ- 
isms now  in  existence,  the  whole  organization  of  which  is 
but  that  of  a  permanent  egg-cell ;  there  are  independent 
one-celled  organisms,  which  never  undergo  any  further 
development,  which  pass  their  whole  lives  as  simple  cells, 
and  as  such  reproduce  themselves  without  attaining  to  any 
higher  development.  We  now  know  a  great  number  of  such 
one-celled  organisms, — for  example,  the  Gregarina,  Flagellata, 
Acineta,  Infusoria,  etc.  But  one  among  them  is  especially 
interesting  to  us,  because  it  a£fords  the  most  complete 
answer  to  our  question,  and  must  be  regarded  as  the  one- 
celled  primary  organism  which  most  nearly  approaches  the 
type*form  of  the  race.    This  organism  is  the  Amoeba. 

The  name  AmcebsB  has  long  been  applied  to  a  niunber  of 
microscopic  one-celled  organisms,  which  are  by  no  means 
rare,  and  are  indeed  widely  distributed,  principally  in  fresh 
water,  but  also  in  the  ocean ;  lately  they  have  been  found 
inhabiting  moist  earth.  When  one  of  these  living  Amoebse 
is  placed  in  a  drop  of  water  imder  the  microscope  and 
greatly  magnified,  it  appears  to  be  a  roundish  body  of  very 
irregular  and  varying  form  (Fig.  13).  Enclosed  in  the  soft, 
slimy,  half-fiuid  body,  which  consists  of  protoplasm,  we  can 
only  see  a  small  solid  or  vesicular  substance,  which  is  the 
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nucleus.  Tliis  iuiice]lulai-  body  now  begins  to  move,  a 
crawls  about  in  various  directions  on  tlie  glass,  on  which  H 
are  observing  it.     The  shapeless  body  accompUiibeB 

Pin.  13.— A  creeping  Amrsba  (m  

Urged),  llie  torm-ralae  uT  tbo  whole  or. 
ganLBtn  ia  thai  of  a  aimple  ukked  e«II,  (riiidi 
mores  nboat  b;  moatiB  of  vnrlabls  r""*^"**"'. 
Bomctiruea  eitoadeil  rrom  the  protoptann  «f 
its  bodf,  aometioiea  dtuim  in.  Id  tb«  en 
is  the  rouud  kernel,  or  nucleoli,  with  itt  a 
cleolus. 

movements  by  extending  finger-1 
processes  from  variouH  points  of  i| 
surface,  which  are  moved  in  slow  but 
constant  alternations,  and  draw  the  rest  of  the  bocly  after 
them.  After  a  time  something  new  is  seen ;  the  Amoeba 
suildenly  stands  still,  draws  in  its  processes,  and  a^isunwf 
a  spherical  form.  But  -soon  the  little  slimy  tjall  begins 
spread  out  again,  and  stretches  ita  processes  in  diffei 
directions,  and  moves  forward  again.  These  variable  jaw' 
cesses  are  called  false-feet  (Piteudopodia),  because  tiief, 
perform  the  oftjco  of  feet,  and  yet  are  no  s]>ecial  organs,  in  i 
morphological  senso;  for  they  vanish  as  quickly  as  they 
appear,  and  are  only  variable  e-xtensions  of  the  semi-fluid, 
homogeneous,  and  structureless  substance  of  the  body. 

If  one  of  these  cj-eeping  AmtBbte  is  touched  with  ft 
needle,  or  if  a  drop  of  acid  is  added  to  the  water,  the  whols 
body  at  once  contracts  in  consequence  of  this  mechanicaJ  ae 
chemical  irritation.  Usually  it  reassumes  ita  spherical' 
form.  Under  certain  circumstances,  for  example,  if  the 
impurity  ia  retained  in  the  water,  the  Ama-ba  )>«^na  lo 
encase  itwl£     It  exudes  a  homogeneous  envelope,  or  cap- 
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iole,  which  immediately  hardens^  and  in  a  state  of  repose 
assomes  the  form  of  a  spherical  cell  surrounded  by  a  pro* 
iecting  membrane.  The  one-celled  Amoeba  obtains  its 
food,  either  bj  absorbing  dissolved  substances  directly  from 
the  water  by  imbibition,  or  by  pressing  into  itself  solid 
particles  of  foreign  matter  with  which  it  comes  into  contact 
The  latter  operation  can  be  observed  at  any  time  if  it  is 
made  to  eat.  If  finely  pulverized  colouring  matter,  such  as 
carmine  or  indigo,  is  placed  in  the  water  in  very  small 
quantities,  the  soft  body  of  the  Amoeba  can  be  seen  to 
assimilate  these  particles  of  colouring  matter,  over  which 
the  soft  substance  of  the  cell  flows  together.  The  Amoeba 
can  take  food  in  this  way  at  any  point  of  the  surface  of  its 
body,  although  it  possesses  no  special  organs  for  taking  in 
and  digesting  nutritive  matter,  no  true  mouth  or  stomach. 
By  means  of  this  assimilation  of  nutriment  and  dissolving 
the  particles  in  its  protoplasm,  the  Amoeba  grows;  and, 
after  it  has  reached  a  certain  size  by  this  process,  it  begins 
to  reproduce.  This  occurs  in  the  simplest  way,  by  division. 
The  enclosed  nucleus  first  separates  into  two  pieces.  Then 
the  protoplasm  distributes  itself  between  the  two  new 
nuclei,  and  the  whole  cell  parts  into  two  similar  cells,  in 
consequence  of  the  growth  of  the  protoplasm  round  the  two 
nuclei  This  is  the  usual  method  of  propagation;  the 
nucleus  first  divides  into  two  halves,  which  separate  from 
each  other,  and  act  as  centres  of  attraction  to  the  surround- 
ing cell-Bubstance  or  protoplasm  (Fig.  8). 

Though  the  Amoeba  is,  therefore,  only  a  simple  cell,  it 
shows  itself  capable  of  performing  all  the  functions  of  a 
many-celled  organism.  It  moves  itself  by  creeping,  it  feels, 
it  EeedB,  it  reproduces  its  kind.    Some  species  of  Amoebaa 
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are  quite  visible  to  the  naked  eye ;  but  the  greater  number 
are  microacopie.  Our  reaRons  for  regarding  the  AmcBbs  lu 
the  particular  one-celled  organisms,  the  phylt^-netic  reU- 
tinns  of  which  to  the  egg-cell  are  of  peculiar  impurtanc<^ 
will  be  evident  from  the  following  facts.  In  many  low 
animals,  the  egg-cell  remains  in  its  original,  naked  conditii 
till  it  is  fertilized ;  it  acquires  no  covering,  and  is  ofteff^ 
indistinguishable  from  aa  Amteba,  Like  the  latter,  these 
naked  eggcelJs  can  extend  processes  and  move  about.  In 
the  Sponges,  these  active  egg-cells  creep  freely  about,  as 
though   they  were   independent  Amojba;   (Fig.    li),  even 

Ftn.  14.— EKK-oell  ot  a  Chalk  Sponge  (01;ar 

thus).    Tlie  egg-oell  movoa  Mid  creeps  about  witMa    \ 
the  SiKiiigc,  by  means  at  mriable  pnxtessca  wUtkll 
it  exlen<l«.     It   n  not  diatingniahoblo   from  t 
commoD  Ammtia. 

witliin   the  parent  organism.     In  t 
condition  they  were  observed  by  esrliorl 
naturalists,    and    were    mistaken    fori 
Amcebse,  living  as  parasitical   intrudera  in  the  iKxly  of'g 
the  Sponge.      It   was  only  afterwards  that  it  was  i 
covered  that  these  supposed   one-«elled   paia&ites   were  i 
reality  the  egg-cells  of  the  Sjwnge  itself     This  reroarkabi 
phenomenon  is  also  found  in  other  lower  animals,  for  € 
ample,  in  those  pretty  bell-shaped  Plant-animals  (Afeduws)a 
the    eggs    of    these    also    remain    as    naked, 
cells,  which  stretch  out  amteboid  processes,  feed  themselvi 
move,  and  from  which,  after  fertilization,  the  many-cell 
Medusa-organism   is    indii-eetly   or   directly   developed   1 
repeated  division. 

It  is.  therefore,  certainly  no  wild  hypothesis,  hut  I 
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coitirelj  sober  coQclusion,  which  r^ards  the  Amoeba  aa  the 
particular  one-celled  orgamsm  which  gives  as  aa  approxi- 
mate representation  of  the  ancient  one-celled  ancestral 
form  common  to  all  many-celled  organisms.  The  naked, 
simple  Amceha  posseasea  a  leas  differentiated  and  more 
primary  character  than  most  other  cells.  To  this  may  be 
added  the  circumstance,  that  similar  amceboid  celts  can  be 
shown  in  ihe  full-grown  bodies  of  all  many-celled  animals. 
For  example,  they  occur  as  the  so-called  white  blood-cor- 
puscles among  the  red  blood-cells  (corpuscles)  in  human 
blood,  and  in  that  of  all  other  Vertebrates.  They  also  occur 
in  many  Invertebrate  animals ;  for  instance,  in  the  blood  of 
the  Snail ;  and  in  1859  I  showed  that  these  colourless  blood- 
corposcles,  like  independent  Amcebse,  can  assimilate  solid 
particles,  can,  therefore,  eat  (Fig.  15).  Lately,  it  has  been 
fomid  that  very  many  different  cells,  if  they  have  room, 


Pio.  IK. — DeTOuring  blood  cells  of  a  Naked  Sea  ana  1  (Thet  s)  very 
mncli  msgnifled.  la  oonneot  on  >r  Ch  the  blood  cc  I  la  or  th  a  anal  I  ^^ae 
the  flrat  to  obserro  the  important  fact  that  the  blood  cells  of  nrertebrate 
•niiiuila  are  nncorered  Innipa  of  proto)  lasm  aod  1  Ice  the  Ammbie  by 
ine*DS  of  their  pecaliar  raorementa  can  nbao  b  matter  can  therefore 
"tM."  When  M  Maple*  (on  the  lOlh  of  Mar  1859)  I  bad  njocted  the 
Uood-Teoselt  of  one  of  these  6na  la  w  th  pal  enzod  ad  go  d  saolTcd  n 
wat«r,  I  waa  mach  aaton  shed  to  find  after  a  f c  v  hours  tl  at  the  blood 
oella  themfeWea  were  more  or  less  filled  w  th  flno  part  tea  of  ind  go  Bj 
repMktad  eiperimental  fnject  ona  I  was  able  to  vratch  the  abiorpt  on  of  the 
aoloariDK  matter  into  the  blood  cells  wh  ch  waa  accompi  sh  1  exactly  aa  b; 
Ajnobn.     (Se«  "Monogr^b  of  Bad  oUna     1S62  pp   104  10^) 
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are  able  to  mov^e,  to  eat,  and  to  act  entirely  like  Amcsl 
(Fig.  9). 

Toe,  capacity  of  the  naked  cell  to  make  these  charact 
ietic  amtEboid  movementa  depends  on  the  contractility 
automatic  movablcness)  of  the  protoplasm.  This 
be  the  universal  property  of  alt  young  cells.  Wliere  they 
are  not  surrounded  by  a  strong  membrane,  or  shut  up  in  a 
"  cell  prison,"  they  are  all  capable  of  amceboid  movementa 
This  13  as  true  of  the  uncovered  egg-cell  aa  of  other  un- 
covered cella,  of  the  moving  cells  of  various  kinds,  lymph- 
oells,  mucous  cells,  etc. 

Our  examination  of  the  egg-cell  and  oompamon  of  it 
with  the  Amffiba,  has  afforded  us  the  best  and  surest  baais 
for  the  history  of  the  germ  as  well  as  for  the  history  of  tha 
tribe.  From  it  we  have  drawn  the  conclusions  that  the 
human  egg  is  a  simple  cell ;  that  this  e^-cell  is  not  essen- 
tially ditferent  from  those  of  other  Mammals,  and  that  we 
must  therefore  infer  the  existence  of  a  primeval  one-celled 
ancestral  form,  which  in  all  essential  pointe  was  of  amceboid 
form. 

The  assertion  that  the  first  ancestors  of  the  human 
were  simple  cells  of  this  sort,  which,  like  the  Amcuba.  led 
an  independent  one-celled  life,  has  not  only  been  ridiculed 
as  an  empty  scientific  chimera,  but  has  also  been  indig 
nantly  rejected  in  theological  periodicals  aa  "  horrible, 
shocking,  and  immoral"  But,  as  I  have  already  remarked 
in  my  lectures  "  On  the  Origin  and  Genealogy  of  the  Human 
Race,"  the  same  righteous  indignation  must  fall  with  ecjusl 
justice  on  the  "  horrible,  shocking,  and  immoral "  fact,  that 
every  human  individual  develops  from  a  single  cell,  and 
tliftt   this   human    egg-cell   cannot  be   distinguished   from 
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those  of  other  Mammals.  This  fact  can  be  demonstrated 
at  any  moment  imder  the  microscope^  and  it  is  useless  to 
dose  our  eyes  to  this  "immoral"  faci  It  remains  as 
incontrovertible  as  the  important  conclusions  which  we 
have  linked  with  it. 

The  very  important  bearing  which  the  Cell  Theory  has 
on  the  whole  conception  of  organic  nature  is  thus  very 
dearly  seen.  The  "  place  of  man  in  nature  "  is  radically 
explained  by  it  Without  this  theory,  Man  is  an  unin- 
telligible puzzle.  Philosophers,  therefore,  and  certainly 
psychologists,  ought  especially  to  acquaint  themselves 
thoroughly  with  the  Cell  Theory.  The  huipan  mind  can 
only  be  really  understood  by  means  of  this  theory,  and  its 
simplest  form  is  illustrated  in  the  Amoeba. 

The  extant  Amoebae  and  the  kindred  one-ceUed  organ- 
isms,  Arcellse^  Gregarinae,  etc.^  are  therefore  of  great 
interest,  because  they  show  us  the  simple  cell  in  a  per- 
manently independent  form.  The  human  organism  and 
that  of  other  higher  animals,  on  the  contrary,  is  only  one- 
celled  in  its  earliest,  immature  condition.  As  soon  as  the 
egg-cell  is  fertilized,  it  multiplies  by  division  and  forms  a 
community,  or  colony  of  many  social  cells.  These  dif- 
ferentiate themselves,  and  by  their  specialization,  by  various 
modifications  of  these  cells,  the  various  tissues  which  com* 
pose  the  various  organs  are  developed.  The  developed 
many-celled  organisms  of  Man  and  of  all  higher  animals 
resembles,  therefore,  a  social,  civil  community,  the  numerous 
single  individuals  of  which  are,  indeed,  developed  in  various 
ways,  but  were  oiiginally  only  simple  cells  of  one  common 
stnictura 
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THE  PROCBSSES  OP  EVOLUTION  AND  IMPREGNATION. 

Development  of  fhe  Many-celled  from  the  One.celled  Organism. — ^Th6  Cell- 
hermit  and  the  Cell-state. — ^The  Principles  of  the  Formatioii  of  the 
State.— The  Differentiation  of  the  Individuals  as  the  Standard  of  HeasnrB- 
meat  for  the  Grade  of  the  State. — Parallel  between  the  Processes  of 
Individ aal  and  of  Eace  DeTelopment. — The  Functions  of  Evolation. — 
Growth. — Inorganic  and  Organic  Growth. — Simple  and  Complex  Growth. 
— Nourishment  and  Change  of  Snbstance. — Adaptation  and  Modification. 
— Reprodnction. — Asexual  and  Sexual  Beproduction. — ^Hereditj. — ^Difi- 
sion  of  Labour,  or  Differentiation. — Atavism,  or  Reversion. — Coalescence. 
^The  Functions  of  Evolution  as  yet  very  little  studied  by  Physiology, 
and  hence  the  Evolutionary  Process  has  often  been  misjudg^. — The 
Evolution  of  Consciousness,  and  the  Limits  to  the  Knowledge  of  Nature. 
^-Fitful  and  Gradual  Evolution. — Fertilization. — Sexual  Generation.-^ 
The  Egg-coll  and  the  Sperm-cell. — ^Theory  of  the  Sperm-animals.— 
Sperm-cells  a  form  of  Whip.cell. — Union  of  the  Male  Sperm-cell  with 
The  Female  Egg-cell. — The  Product  of  this  is  the  Parent.cell,  or 
Cytula. — Nature  of  the  Process  of  Fertilization. — Relation  of  the  Kernel 
(Nucleus)  to  this  Process. — Disappearance  of  the  Germ-vesicle. — Mune- 
rula. — Reversion  to  the  Monera-form. — The  Cytula. 

**  If  the  man  of  science  chose  to  follow  the  example  of  historians  and 
pulpit-orators,  and  to  obscure  strange  and  peculiar  phenomena  by  employing 
a  hollow  pomp  of  big  and  sounding  words,  this  would  be  his  opportunity ; 
for  we  have  approached  one  of  the  greatest  of  the  mysteries  which  snrround 
the  problem  of  animated  nature  and  distinguish  it  above  all  other  problems 
of  science.  To  discover  the  relations  of  man  and  woman  to  the  egg-cell 
would  bo  almost  equivalent  to  solving  all  those  mysteries.  The  origin  and 
development  of  tho  egg-cell  in  the  body  of  the  motheri  the  transfer  to  it 
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hf  BMttiis  of  the  seed,  of  the  physical  and  mental  cbaracteristioB  of  the 
hither,  affect  all  the  questions  which  the  human  mind  has  ever  raised  in 
regard  to  esistenoe." — ^Rudolpb  Yxjichow  (1848). 

The  discovery  that  every  human  being  at  the  beginning 
of  his  existence  is  a  simple  cell,  that  this  egg-cell  is  essen- 
tially similar  to  those  of  other  Mammals,  and  that  the 
forms  arising  during  the  evolution  of  this  cell  in  Man  and 
in  the  other  higher  Mammals,  are  at  first  similar,— suppHes 
a  basis  firom  which  we  may  trace  the  further  processes  of 
evolution.  In  the  first  place  we  have  convinced  ourselves 
of  a  &ct  which  is  of  great  importance  to  the  empiric  side 
of  the  histoiy  of  development,  relating  to  those  ontogenetic 
fiurts  which  can  be  directly  traced  by  means  of  the  micro- 
scope; and  this  fact  is  that  in  Man  as  well  as  in  other 
animals  the  developed  many-celled  organism  with  all  its 
various  organs  proceeds  from  a  simple  celL  Secondly,  as 
regards  the  phylogenetic  side  of  the  question,  the  specu- 
lative part  of  the  History  of  Human  Development,  which 
is  based  on  those  facts,  we  have  reached  the  conclusion 
that  the  original  ancestral  form  of  Man  as  of  the  other 
ftwimftla  was  a  one-celled  organism.  The  whole  diflBcult 
problem  of  the  History  of  Evolution  is  thus  now  reduced 
to  the  simple  question  :  ^  How  has  the  complex  many-celled 
organism  arisen  from  the  simple  one-celled  form  ?  By  what 
natural  process  has  the  simple  cell  been  transformed  into 
that  complex  life-apparatus  with  all  its  various  organs,  the 
apparently  rational  and  purposive  construction  of  which  we 
admire  in  the  developed  body  ? " 

Turning  now  to  answer  this  question,  we  must  bear  in 
mind  the  view  to  which  we  have  already  alluded,  that  the 
many-celled  organism  is  ordered  and  constituted  on  the 
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Game  piinciples  as  a  civilized  state,  in  which  the  several 
citizens  have  devoted  themselves  to  various  services  directeil 
towards  common  ends.     This  comparison  is  of  the  greatest 
service  in  enatling  us  thoroughly  to  understand  the  con- 
struction of  Man  from  many  cells  of  various  kinds,  and  to 
understand    also    the    harmonious    co-operation    of   tbesaj 
various  cells  for  an  apparently  pre-conceived  purpose.     1£m 
we  bear  this  comparison  in  mind,  and  apply  this  si^ificant  I 
idea  of  the  developed  many-colled  organism  as  a  civil  union 
of  many  individuals,  to  the  history  of  the  evolution  of  this 
organism,  we  shall  obtain  a  correct  view  of  the  real  nature 
of  the  first  and  most  important  processes  of  evolutioa     We 
can  even,  on   deeper   reflection,   guess   the   first  etagca  of 
devtjlopment,  and  establish   tliem  A  priori,  before  we  call  J 
observation,  d  yosicrtori  knowledge,  to  our  aid.  I 

For  once  we  will  revei-se  the  process,  and  will  not,  as  1 
will  be  the  case  hereafter,  first  observe  the  facta  of  Ontogeny 
and  then  attach  their  phylogenetieal  significance  to  them. 
Beginning  at  the  other  end,  let  us  here  try  to  guess  the 
course  which  evolution  must  have  taken,  if  the  comparison 
is  well  founded.  Then  if,  afterwards,  the  fecta  of  Ontogeny 
confiiTO  our  preconception,  we  shall  be  yet  more  firmly 
convinced  of  the  truth  of  our  views  on  Phylogeny,  Tliis 
agreement  will  afford  us  a  more  striking  justification  of  our 
views  than  can  be  gained  in  almost  any  other  way.  J 

Ijct  us  therefore  first  answer  this  question:  "  Granting  I 
the  correctness  of  the  fundamental  law  of  Biogeny,  how  ' 
would  the  original  one-celled  organism  which  founded  tho 
first  cell-state,  and  thus  became  the  ancestor  of  the  higher, 
many  celled  animals, — how  must  that  organism  have  acted 
at  the  beginning  of  organic  life  on  the  earth,  or  at  the 
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banning  of  creation,  as  it  is  usually  expressed  I**  The 
answer  is  very  simpla  It  must  have  acted  just  as  a  man 
who  founds  a  state  or  a  colony  for  a  given  purpose.  Let 
us  trace  this  process  in  its  simplest  form,  as,  for  example, 
may  have  easily  taken  place  when  any  of  the  remote 
islands  in  the  Pacific  Ocean  were  first  peopled.  Two  South 
Sea  Islanders,  a  man  and  a  woman,  have  gone  in  a  boat 
to  fish ;  they  are  overtaken  by  a  storm,  carried  far  away, 
and  at  length  driven  on  to  a  remote  island,  as  yet  unin- 
habited. This  "first  human  pair,"  remaining  isolated,  play 
the  parts  of  Adam  and  Eve,  and  produce  a  numerous  pos- 
terity, thus  becoming  the  parents  of  the  future  inhabitants 
of  the  island.  As  they  are  entirely  devoid  of  all  resources, 
without  the  many  means  of  support  possessed  by  the 
founders  of  states  of  advanced  civilization,  the  posterity 
of  this  uncivilized  and  isolated  pair  have  first  developed 
as  genuine  savagea  Their  only  purpose  in  life  for  cen- 
turies has  remained  as  simple  as  that  of  the  lower  animals 
and  plants ;  the  simple  aim  of  self-preservation  and  of  the 
production  of  descendants ;  they  have  been  contented  with 
the  simplest  organic  functions,  nutrition  and  reproduction. 
Hunger  and  love  are  their  only  motives  of  action. 

For  a  very  long  period,  these  savages,  scattered  over  the 
whole  island,  must  have  aimed  at  the  one  single  object 
of  self-preservation.  Gradually,  however,  several  families 
collected  at  certain  places,  larger  commiinities  arose,  and 
now  many  reciprocal  relations  began  to  arise  between 
individuals ;  in  consequence,  a  rude  division  of  labour  took 
place.  Certain  savages  continued  to  fish  and  hunt,  others 
began  to  cultivate  the  ground,  others  devoted  themselvea 
to  religion  end  medicine^  which  now  began  to  develop. 
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and  so  on.  In  short,  the  ever-increasing  division  of  latioiu 
Bpecializcs  the  people  into  various  ranks  or  castes,  ^vhich 
always  tend  to  become  more  sharply  dcftned  in  propor- 
tion as  the  state  becomes  more  highly  developed :  all 
follow  diverse  occu]>ation8,  and  yet  work  for  a  common  end. 
In  this  way,  from  the  descendants  of  a  single  human  pair, 
a  simple  community  of  individuals,  originally  alike,  first 
gradually  arises,  and  this  is  followed  by  a  more  or  lesa 
■well-oi^anized  confederation.  In  this  commimity,  we  may 
regard  the  more  or  lesa  complete  division  of  labour  among 
individuals,  or  the  so-called  specialization,  as  the  standard 
by  which  the  grade  of  development  of  its  culture  may  be 


A  process  similar  to  this,  and  the  details  of  which  each 
can  easily  fill  up  for  himself,  took  place  millions  of  year* 
ago,  when,  at  the  beginning  of  organic  life  on  the  earth, 
one-celled  organisms  at  first  developed,  and  were  aftcrwvds 
followed  by  many-celled  forms. 

The  single  cells  which  arose  by  reproduction  from  the 
oldest  parent-cells  must  at  first  have  lived  in  an  isolated 
condition ;  each  one  perfoimed  the  same  simple  offices  as 
all  the  others;  they  were  satisfied  with  self-preservation, 
nutrition,  and  reproduction.  At  a  later  period  isolated 
cells  gathered  into  communities.  Groups  of  simple  cells, 
which  had  arisen  by  the  continued  division  of  a  sin^e 
cell,  remained  together,  and  now  began  gradually  to  p^ono 
diBcrent  oSices  in  life.  The  first  traces  of  specialization,  or 
division  of  labour,  soon  occurred,  ss  one  cell  assumed  <Hie 
office,  another  another.  One  set  of  cells  may  have  devoted 
themselves  especially  to  the  absorption  of  food,  or  nntrition; 
other  cells  may  have  busied  themselve*  only  with  repro< 
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duction;  and  others,  again,  have  formed  themselves  into 
protecting  organs  for  the  little  community,  and  so  on.  In 
shorty  various  classes  or  caste&  must  have  arisen  in  the 
cell-state,  following  diverse  occupations  and  yet  working 
together  for  the  common  end.  In  proportion  as  this 
division  of  labour  progressed,  the  many-celled  organism, 
or  the  specialized  cell-community,  became  more  perfect  or 
civilized. 

We  may  follow  the  comparison  further.  It  may  be 
asserted  d  priori,  that  in  consequence  of  the  reciprocity  of 
relations  which  was  occasioned  by  the  struggle  for  existence 
and  the  gathering  of  many  organic  individuals  in  a  common 
dwelling-place,  when  organic  life  first  began  on  the  earth, 
a  community  of  many  similar  individuals  arose  from  a  one- 
celled  organism ;  that  a  division  of  labour  afterwards  took 
place  among  these  similar  cells,  and  that  finally,  in  conse- 
quence of  continuous  specialization,  a  developed  many- 
celled  organism  with  many  diiferent  organs,  all  working 
for  a  common  end,  arose.  Ih  order  fully  to  realize  the  value 
of  this  significant  comparison,  it  would  be  necessary  to 
enter  in  detail  into  the  theory  of  the  division  of  labour,  or 
specialization,  which  now  plays  a  very  important  part  in 
Biology,  especially  since  Darwin's  Theory  of  Selection  has 
enabled  us  to  understand  the  true  causes  of  these  phe- 
nomena. At  present  I  must  refer  for  the  more  detailed 
elaboration,  which  would  carry  us  too  far  to  be  entered 
into  here,  to  Darwin's  Doctrine  of  the  Divergence  of  Cha- 
racter, and  to  my  lecture  on  the  Division  of  Labour.  We 
shall  hereafter  return  to  this  subject.^ 

At  present  we  will  rather  examine  whether  the  d  priai'i 
views  on  Phylogeny  which  we  preconceived,  are  in  accord- 
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ftnce  with  the  facta  which  Ontogeny  places  before  us , 
whether  in  the  evolution  of  the  individual  orgaobin 
from  the  egg-cell,  the  same  phenomena  appear,  which  we 
have  preaupjMJsed  as  necessary  in  this  comparison.  The 
ontogenetic  structural  process  proves  to  he  in  very  close 
harmony  with  our  conclusions,  and  we  find  that  the  facts  of 
the  evolution  of  the  individual  which  can  be  seen  under  thi 
microscope,  do  in  fact  correspond  perfectly  with  the  pictui 
of  the  process  of  phylogenetic  evolution  which  we  hai 
sketched  d  priori.  The  first  processes  which  occur  in 
evolution  of  the  individual  from  the  egg-cell,  and  also 
succeeding  simple  processes  which  first  come  under  obsci 
tion,  really  conespond  to  the  events  which  we  have 
traced  in  the  development  of  a  colony  of  savages,  and  have 
assumed  as  the  first  phylogenetic  processes  in  the  origin  o( 
a  many -celled  organism. 

Id  the  first  stage  of  the  evolution  of  the  individual, 
many  homogeneous  cells  first  arise,  from  the  simple  i^g-cell, 
by  continuous  division.  These  tn  exactly  comparable  to 
a  commimity  of  human  beings  as  yet  uncivilized.  These 
homogeneous  cells  increase  still  more,  so  that  the  accu- 
mulation of  cells  ever  increases.  As  in  making  our 
comparison  we  found  that  an  entire  colony  of  savages  pro- 
ceeded from  the  descendants  of  a  single  isolated  human 
pair,  so  likewise  all  the  homogeneous  cells  of  this  multitude 
(which  we  shall  hereafter  learn  to  know  better  under  the 
name  of  cleavage-globules),  are  inter-related  as  the  de- 
scendants of  a  single  pair  of  cells.  Their  common  father 
is  the  male  sperm-cell,  and  their  common  mother  the  female 
^-ceU. 

At  first,  all  these  niunerous  cells  which  arise  by  the 
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tinnous  division  of  the  fertilizcMi  egg-cell,  are  exactly  alike, 
and  cannot  be  distinguished  from  each  other.  But  gra- 
dually a  division  of  labour  occurs  among  them  by  their 
assuming  different  offices.  Some  accomplish  nutrition,  others 
reproduction,  others  protection,  others  locomotion,  and  so 
on.  Wc  may  translate  this  into  the  language  of  the  theory 
of  the  tissues  and  say  :  some  of  these  cells  become  intestinal 
cells,  others  musde-cells,  others,  again,  bone-cells,  nerve-cellsw 
cells  of  the  sense-organs,  of  the  reproductive  organs,  etc. 
Thus  we  see  that  the  whole  course  of  the  evolution  of  the 
individual  corresponds  in  its  essential  features  to  that  pre- 
supposed course  of  phylogenetic  development,  and  thus 
affords  a  striking  confirmation  of  our  fundamental  law  of 
Biogeny. 

This  observation  naturally  leads  to  a. brief  examination 
of  the  physiological  functions,  or  vital  activities,  which  are 
concerned  in  the  evolution  of  the  individual  as  in  that  of 
the  race.  At  first  sight  a  great  number  of  complex  pro- 
cesses seem  to  blend  and  co-operate  here ;  all  of  these  can, 
however,  in  reality  be  reduced  to  a  few  simple  organic 
functions.  These  vital  activities  are:  (1)  Growth;  (2) 
Nutrition ;  (3)  Adaptation ;  (4)  Reproduction ;  (5)  Heredity  ; 
(6)  Division  of  Labour,  or  Specialization;  (7)  Atavism;. 
(8)  Coalescenca  Heredity,  Adaptation,  and  Growth  are  of 
especial  importance  in  the  evolution  of  the  organic  body ; 
these  must,  thei-efore,  be  regarded  as  especially  formative 
functions. 

Of  all  vital  phenomena,  growth  may  be  regarded  as  the 
one  which  plays  the  chief  part  in  the  evolution  of  the 
mdividual  organism,  and  as  the  really  fundamental  function 
of  evolution.    The  bearing  of  this  function  on  the  evolu- 

1Q 
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tion  of  the  germ  is  so  great,  that  Bacr  expr&ssed  th«  nnwl 
general  result  of  his  researches  in  the  following  proposition : 
"  The  history  of  the  evolution  of  an  individual  is  the  his- 
tory of  the  growth  of  individuality  in  every  relation." 
Whenever  a  unit,  an  individual,  develops  in  nature,  growth 
is  the  first  condition.  This  is  equally  true  of  inorganic 
(inanimate)  and  of  oi^anic  (animate)  natural  bodies.  In 
the  former,  in  minerals,  growth  is  often  the  only  function 
of  evolution.  Growth  is,  therefore,  especially  interesting, 
because  both  in  the  inorganic  individual,  the  crystal,  and 
in  the  simplest  organic  individual,  it  is  the  necessary  \tn- 
liminary  to  all  further  evolution.  Growth,  the  ajlditton 
of  homogeneous  body-substance,  is  absolutely  universal 
The  inorganic  crystal  grows  by  absorbing  homogeneous 
matter  from  the  surrounding  fluid  medium,  which  then 
passes  from  a  fluid  into  a  solid  conditioa  Similarly,  tlie 
cell,  the  simplest  oi^nic  individual,  grows  by  attracting  to 
itself  particles  from  the  surrounding  medium,  which  is 
usually  fluid,  and  hy  then  transforming  these  particles  into 
a  semi-fluid,  and  more  or  less  humogeneous  condition 
(assimilation).  The  only  diSei-enco  between  the  growth  of 
the  crystal,  and  that  of  the  simplest  organic  individual,  the 
cell,  is  that  the  former  adds  the  new  substance  externally, 
while  the  latter  absorbs  it  internally.  This  caacntiaJ  differ- 
ence depends  on  the  different  conditions  of  density,  or  o( 
aggregation,  of  the  two  different  groups  of  bodiea  The 
inorganic  bodies  may  be  either  in  a  solid,  fluid,  or  gaseoui 
condition.  They  grow  by  apposition.  Organic  bodies,  ob 
the  contrary,  are  in  the  fourth,  the  soft  or  semi-tluid  con- 
dition of  a^^egation.  They  grow  by  intuseusceptioa 
Kach  individual  or  trophic  growth  is,  however,  only  li* 
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simple  or  direct  form  of  growth  common  to  crystal  and  to 
eimple  organic  individuals  of  the  first  order.  This  simple 
form  of  growth  is  secondarily  opposed  to  compound  or 
numerical  growth,  which  is  seen  in  the  course  of  the  evolu- 
tion of  all  many-celled  organisms,  in  all  individuals  of  the 
second,  or  higher  order.  In  this  case,  the  simple  cell  does 
not  continually  increase,  as  might  be  supposed,  until  the 
whole  large  organic  individual,  with  all  its  parts,  is  formed ; 
but  after  the  cell  has  attained  a  certain,  very  limited  size, 
it  does  not  increase  further,  but  parts  by  self-division  into 
two  cells.  Owing  to  the  frequent  repetition  of  this  pro- 
cess of  compound  growth,  a  many-celled  organism,  which 
is  &x  larger  than  the  largest  cell,  at  last  arises.  In  this 
case,  the  growth  of  the  ever-increasing  organism  is  no 
longer  the  mere  addition  of  homogeneous  parts,  but  depends 
really  on  generation,  i.e.,  the  multiplication  of  the  origin- 
ally simple  individual 

A  further  distinction  between  organic  and  inorganic 
growth  depends  on  the  fact  that  the  former,  unlike  the 
latter,  is  connected  with  nutrition.  Nutrition  is  necessary 
to  the  existence  of  every  living  organism,  for  loss  of  sub- 
stance of  body-material  is  implied  in  all  life-energies ;  and 
this  loss  of  substance  must  be  replaced  by  the  addition  of 
new  substance  or  food.  This  continual  change  of  sub- 
stance, the  absorption  and  assimilation  of  new  matter, 
the  expulsion  of  used-up  particles,  and  briefly,  all  the 
processes  included  by  the  term  nutrition,  are  conditions 
as  necessary  to  the  accomplishment  of  evolution  as  for  all 
the  other  activities  of  life :  they  are  as  indispensable  to  the 
evolution  of  the  single  cell  as  to  that  of  the  entire  many- 
celled  organism.    The  usual  method  of  nutrition  in  the 
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case  of  the  single  cella  Is  by  the  absorption  by  their  soft 
semi-Suid  cell-substance  of  food-material  from  the  bui- 
rouuding  fluid;  less  frequcntlj  solid  particles  are  preeaeJ 
into  the  cell-substance.  Similarly,  the  worn-out  material 
is  discharged,  usually  in  a  fluid,  seldom  in  a  solid  form. 

Adaptation,     the    most     important    vital    function,  is 
directly  connected  with  nutrition,  and  plays  the  most  im- 
|)ortant  part  in  the  progressive  development  of  the  organisra. 
It  is,  in  reality,  the  most  inBuential  cause  of  cvciy  advance 
and  of  all  perfection  of  the  organism.     Adaptation  effects 
all  the  modifications  or   variations  which   organic   fomu 
undergo  under  the  influence  of  the  external  conditions  of 
existence;  it  is  the  true  cause  of  every  mollification.    As 
I  have  very  fully  discussed  the  importance  of  modification 
and   the    various    laws   of  Adaptation    in    my    OenerelU 
Morphologie,  and  in  the  "  History  of  Creation,"  I  may  Iierft  , 
dispense  with  any  further  reference  to  it.     I  shall  only  o 
attention  to  the  fact,  that  all  tliese  various  laws  of  Adapt 
tion  can  appropriately  be  brought  into  the  two  classes  t 
I  have  there  distinguished ;   on   the  one  aide   indirect,  n 
Potential  Adaptation,  on  the  other  direct,  or  Actual  Adi 
tnlion.    I  have  shown  in  my  GenereUe  Morjiholo^e  (ri 
ii.  pp.  193-22C),  that  all  these  varied  and  important  pb< 
nomena,  if  regarded  from  a  physiological  point  of  view,  o 
be  reduced  to  the  mechanical  function  of  nutrition,  utd, 
indeed,  to  the  elementary  conditions  of  cell-nutritioQ, 

Just  as  progressive  Adaptation  is  linked  with  nutrition, 
BO  ia  conservative  Heredity  linked  with  reproduction.  This 
latter  activity  of  the  organism  may  also  be  referred  to  the 
former  functions.  For  radically  "  reproduction  is  a  form  0/ 
nutrition  and  a  growth  of  the  organism  to  a  size  beyoni/ 
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that  belonging  to  it  as  an  individual,  so  that  a  part  is  thus 
elevated  into  a  (new)  whole"  (Generelle  Morpholoffie,  voL 
ii  p.  16).  The  functions  of  growth  and  reproduction  are 
therefore  very  intimately  connected.  Reproduction  is  only 
a  continuation  of  the  growth  of  the  individual.  But  the 
latter,  again,  depends  in  its  compound  form,  on  generation, 
that  is,  on  the  multiplication  of  the  simple  constituent  indi- 
viduals. While,  on  the  one  hand,  reproduction  appears  to 
be  only  a  growth  of  the  individual  to  a  size  exceeding  that 
of  the  individual, — compound  growth,  on  the  other  hand, 
is  the  result  of  the  reproduction  of  simple  individuals  of 
the  first  order.  This  view  enables  us  clearly  to  understand 
reproduction  and,  consequently.  Heredity,  which  otherwise 
appears  to  be  an  obscure  and  mysterious  process. 

To  prove  the  correctness  of  this  view,  we  must  start 
firom  the  simplest  form  of  reproduction,  that  is,  division,  as 
it  occurs  in  the  case  of  almost  every  cell.     When  the  cell, 


Fio.  16. — Blood-cells  (corpuscles),  increas- 
ing by  self -dirision,  from  the  blood  of  the  yoang 
embryo  of  s  stag.  Each  has  originally  a  kernel 
(nocleDs),  and  is  globular  (a).  When  the  cells 
are  about  to  maltiply,  the  kernel  ^xfit  separates 
into  two  (6,  c,  d).  The  protoplasmic  body  then 
becomes  pinched  in  between  the  two  kernels, 
which  separate  more  and  more  from  each 
other  (0).  Finally  the  cell  parts  into  two,  at 
the  point  where  it  was  pinched  in  (/).  (After 
Frey.) 


having,  by  the  absorption  of  nutrition,  already  reached  its 
usual  size,  exceeds  that  measure,  it  divides  into  two  cells 
(Fig.  10).  Just  in  the  same  way  in  many-celled  animals  (for 
example,  Ck)rals),  when  the   individual  grows  beyond  the 


definite  size  proper  to  it,  a  separation  into  two 
individuals  necessarily  takes  place.  Starting  &om  ' 
simplest  form  of  reproduction,  we  can  learn  to  understand 
the  many  complex  forms  with  which  we  meet,  eHpedally  in 
the  lower  aiiimab  and  plants.  Division  is  first  followed  by 
propagation  by  buds,  then  that  by  the  formation  of  genn- 
buJs,  and  propagation  by  germ-celLs,  or  spores.  All  these 
forms  of  multiplication  arc  classed  under  the  name  of 
asexual  reproduction,  or  Monogeny ;  in  these  cases  it  does 
not  require  the  union  of  different  individuals  to  effect  the 
production  of  new,  independent  individuals.** 

The  conditions  of  sexual  reproduction,  or  Amphigony, 
are  quite  diSereut.  Its  nature  consists  in  this;  that  two 
distinct  cells  must  unite  in  a  particular  way  and  blend  in 
order  to  cause  the  production  of  a  new  individual  As  we 
shall  soon  return  to  the  subject  of  sexual  reproduction, 
when  we  consider  the  fertilization  of  the  egg,  we  need  not 
here  linger  over  it.  We  must  only  emphasize  the  fact,  that 
this  process  of  sexual  reproduction,  in  spite  of  its  peculiarity, 
is  yet  nearly  related  to  the  higher  forma  of  asexual  repro- 
duction, and  especially  to  that  by  the  formation  of  germ- 
cells.  But  while  in  the  lattor  case  a  single  cell  eejiaratea 
from  the  confederacy  of  the  many-celled  organism  and 
forma  the  foundation  of  a  new  individual, — in  the  former, 
two  dilfercnt  elementary  individuals,  a  fumale  egg-cell  and 
a  male  sperm-cell,  must  unite  and  blend  into  a  single  body 
to  effect  that  purpose.  The  double  cell  formed  in  tJiia  way  . 
is  alone  capable  of  forming  by  division  an  aggregate  of  o 
from  which  a  new  many-ccllod  organism  then  developa,* 
(Ce  Chap  XXV.) 

Immediately   connected    with    reproduction   is   a   fifUk  I 
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highly  important  evolutionary  function,  Heredity.  Just 
as  we  were  able  to  trace  Adaptation  back  to  nutrition,  we 
can  also  show  that  Heredity  is  a  necessary  phenomenon 
of  reproduction;  and  this  is  equally  true  of  both  kinds 
of  Heredity — of  conservative,  as  well  as  of  progressive 
Hei*edity.  As  I  have  also  fully  explained  these  highly 
important  Laws  of  Heredity,  which  maintain  constant 
reciprocal  relations  with  the  Laws  of  Adaptation,  in  my 
"History  of  Creation,"  voL  i.  Chapter  VIII.  p.  175,  we 
will  not  stop  to  examine  them  hera  (See  also  GeneixUe 
MorpJiologie,  voL  iL  pp.  170-191.) 

Division  of  labour,  or  differentiation,  which  has  but 
recently  begun  to  be  correctly  valued,  forms  a  sixth 
evolutionary  function  of  especial  importance.  We  have 
already  seen  that  division  of  labour  is  the  strongest  impulse 
towards  progressive  evolution,  not  only  in  civic  and  social 
life,  but  also  in  the  social  cell-confederacy  of  every  many- 
celled  organism.  A  glance  at  any  community  or  state 
organization  shows  that  the  first  condition  of  all  higher 
development  and  civilization,  is,  on  the  one  hand,  the  divi- 
sion of  the  various  duties  among  the  various  classes  of  the 
citizens ;  and,  on  the  other  hand,  the  co-operation  of  these 
single  individuals  for  the  common  purposes  of  the  state. 
This  b  exactly  the  case  also  in  every  many-celled  organism. 
Every  multicellular  individual  in  the  plant  or  animal 
kingdom  is  more  perfectly  developed,  and  ranks  higher  in 
proportion  as  the  division  of  labour  among  its  constituent 
cells,  the  differentiation  of  Its  cell-individuals,  is  more 
perfect.  Therefore  in  the  various  classes  of  organisms  we 
find  this  differentiation,  sometimes  in  a  more,  sometimes  in 
a  less  perfect  condition.    The  simplest  form  of  division  oi 
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labour  occurs  in  those  lower  animals  in  the  bodies  of  which 
only  two  kinds  of  cells  have  become  differentiated.  Thia 
is  the  case,  for  example,  in  the  lowest  Plant-animals,  in 
Sponges,  and  the  simplest  Polyps,  as  well  as  in  their 
common  parent-form,  the  Gastrjea.  Througlitut  the  entiro 
many-celled  bodies  of  these,  there  are  only  two  different 
kinds  of  celb ;  the  one  kind  effect  the  nutrition  and  repro- 
duction of  the  animal,  the  other  kind  arc  its  organs  of 
feeling  and  motion.  These  two  kinds  of  cells  are  identical 
with  those  which  first  come  to  perfection  in  the  first  procea 
of  differentiation  of  the  germ-layers  in  the  human  embryo. 
But  in  most  higher  animals  the  differentiation  of  the  ceUa 
proceeds  much  further.  Some  take  merely  the  office  of 
nutrition ;  others  that  of  reproduction ;  a  thii^d  group  con- 
stitute the  outward  covering  of  the  body  and  form  the 
skin ;  a  fourth  group,  the  muscle-cells,  form  the  flesh ;  a 
fifth  group,  the  nerve-cells,  develop  into  the  oi^ans  of 
(sensation,  of  will,  of  thought,  etc.  All  these  different  kinds 
of  cells  originally  proceeded  by  differentiation  or  specializa- 
tion from  the  simple  egg-cell,  and  from  the  homogeneous 
descendants  of  that  egg-cell,  owing  to  division  of  labour. 
This  differentiation  of  the  cells,  or  this  division  of  labour, 
originally  arose  in  tribal  history,  from  causes  similar  to  the 
division  of  labour  in  the  civilized  states  of  mem  Aflerwanls 
it  appears  in  the  geiin -history,  and  by  that  time  it  baa  been 
made  over  to  Heredity,  and  is  merely  repeated  in  accord* 
ance  with  the  fundamental  law  of  Biogcny.  Now,  although 
Differentiation  usually  leads  to  the  progress  of  the  wholo 
organism  as  well  as  of  its  various  constituent  individuals, 
the  single  cells,  yet  it  is  also  in  many  cases  the  occasion  of 
retrogression,  or  atavisnL      Not  only  progressive,  but  alsu 
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retrograde   modifications    take    place    in    consequence    of 
division  of  labour. 

Atavism,  or  reversion,  must  be  regarded  as  a  seventh 
function  of  evolution,  and,  as  such,  plays  no  unimportant 
part.  .  In  the  evolution  of  almost  every  higher  organism  we 
observe  that  the  progressive  completion  of  most  organs  is 
accompanied  by  retrograde,  processes  of  evolution  in  single 
parts.  In  the  cell  this  retrograde  metamorphosis  usually 
first  occurs  in  consequence  of  the  formation  of  fat-particles 
in  the  protoplasm.  The  cell  is  destroyed  by  the  fatty 
degeneration  of  the  protoplasm.  During  the  course  of 
phylogenetic,  as  of  ontogenetic  evolution,  whole  organs  may 
thus  retrograde  by  the  dissolution  of  the  cells  which  form 
them.  Thas,  for  example,  during  the  evolution  of  the  germ 
of  Man  and  of  other  Mammals,  cartilages,  muscles,  etc.,  dis- 
appear which  were  of  great  importance  in  our  primitive 
ancestors,  the  Fishes.  This  ontogenetic  reversion  reproduces, 
owing  to  Heredity,  a  corresponding  phylogenetic  process. 
The  very  interesting  "  rudimentary  organs  "  are  arrested — 
bodily  growths  of  this  kind,  traces  of  which  still  remain  in 
various  stages  of  development  (see  p.  110).  They  are  found 
in  nearly  every  higher  many-celled  organism  attaining  to 
any  considerable  stag^  of  evolution ;  in  this  case  the  general 
progress  of  the  whole  is  scarcely  ever  conditional  on  the 
equally  progressive  development  of  the  cells ;  on  the  con- 
trary, certain  cells  perish  during  Ontogeny,  while  others 
go  on  growing  at  their  expense.  This  same  phenomenon 
is  met  with  in  human  society.  In  this  it  is  always  the 
case  that  many  individuals  perish  without  effecting  any- 
thing; while  the  majority  constantly  develop  more  or 
lu»8  steadily.    The  comparison  is  perfectly  apt.    For  the 


conditions   of  aggregation   are   the   eame   in   states  as 
many-cflled  organisms. 

Fioaliy,  we  must  mention  an  eighth  and  last  function 
of  organic  development,  viz.  coalescence,  or  concrescence. 
As  yet,  this  has  been  but  little  noticed,  nor  is  it.  very 
stiikingi  yet  it  is  of  real  importance  in  certain  processes 
Coalescence  consists  in  this,  that  two  or  more  individuals 
which  were  originally  separate  afterwards  combine  and 
blend  into  one  individual.  We  may  regard  the  process 
of  sexual  generation  as  a  coalescence  of  two  cells.  We  also 
often  find  a  similar  coalescence  of  cells  in  otiier  processes  o( 
evolution.  Those  tissues  of  the  animal  body  which  dis- 
charge the  highest  functions,  viz,  the  muscular  tissue,  or 
flesh,  which  is  concci-ned  in  locomotion,  and  the  nervoua 
tissue  which  pcrfonna  the  functions  of  sensation,  will,  and 
thought,  consist  in  great  part  of  coalescent  ceUa.  But  not 
only  cells,  or  individuals  of  the  first  order,  but 
OT^ganA,  or  individuals  of  the  second  order,  coalesce 
freely  in  the  process  of  Ontogeny  into  a  compoi 
formation.  Even  independent  organisms  may  coalesce, 
is  veiy  often  the  case,  e.g.  in  the  Spongea.  The  pi 
cf  coalescence  (often  also  called  conjugation  or  copulation), 
is  iu  a  certain  sense  the  opposite  process  to  that  of  propaga- 
tion. In  the  latter  two  or  more  new  individuals  arise 
from  one,  while  in  the  former  one  individual  results  from 
several  As  a  general  rule.this  individual  possesses  a  higher 
function  than  that  of  the  two  units  from  the  coalescence 
«  hich  it  sprang. 

In  reviewing  for  a  moment  the  different  vital  activity 
of  the  organism  wliich  we  have  here  enumerated 
ekscutial  functions  of  evolution—  as  the  true  formative  foi 
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of  the  nascent  organism — it  will  easily  be  seen  that  they 
all  admit  of  purely  physiological  investigation.  And  yet 
till  very  recently  many  of  them  were  never  closely  studied, 
and  consequently  the  processes  of  evolution  have  very  often 
been  regarded  as  something  altogether  enigmatical  and 
peculiar,  and  even  in  some  respects  miraculous  and  super- 
natural  So  that  even  yet  many  distinguished  naturalists 
hold  that  the  phenomena  of  evolution  are  beyond  the  limits 
of  human  knowledge,  and  are  only  explicable  by  the  as- 
sumption of  supernatural  forcea 

This  curious  situation,  reflecting  as  it  does  a  somewhat 
unpleasant  light  upon  the  present  status  of  our  science, 
must  be  laid  to  the  charge  of  modem  Physiology.  As  I 
have  already  had  occasion  to  remark,  the  Physiology  of  our 
day  pays  no  attention  either  to  the  functions  of  evolution 
or  to  the  evolution  of  the  functions.  With  praiseworthy 
energy  it  has,  it  is  true,  exerted  itself  to  peifect  as  far  as 
possible  the  knowledge  of  certain  groups  of  functions,  to 
which  an  exact  mathematical  and  physical  treatment  is 
directly  applicable  {e.g.  the  Physiology  of  the  sense-organs, 
of  muscular  movement,  of  the  circulation  of  the  blood,  etc.). 
But,  on  the  other  hand,  it  has  paid  but  little  attention  to 
many  important  groups  of  functions,  to  which  this  exact 
method  is  not  applicable.  Among  the  latter  are  the  choro- 
logical  and  oecological  functions,  many  psychological  pheno- 
mena and  correlations  of  growth,  and  especially  the  most 
important  of  those  functions  of  evolution  which  we  have  just 
enumerated — that  of  Heredity  and  Adaptatioa  Our  present 
knowledge  of  these  two  most  influential  physiological 
functions  of  evolution  has  been  almost  entirely  acquired 
by    means  of  morphological,  not  physiological    research^ 
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though  Physiology  bar!  in  the  pureuit  of  its  own  obj© 
occasion  enough  to  devote  itself  earnestly  to  the  study  0 
those  functions.  In  the  same  way  the  important  functions 
of  growth  and  coalescence,  as  also  those  of  differentiation 
and  atavism,  have  as  yet  been  very  little  studied  from  a 
physiological  point  of  view.  J 

This  neglect  of  the  history  of  evolution  explains  thfl 
little  interest  and  the  lack  of  insight  exhibited  by  ttifa 
physiologists  of  our  time  with  regard  to  the  theory  of 
descent.  When  Darwin,  in  his  Theory  of  Natural  Selection, 
gave  a  new  basis  to  the  theory  of  evolution,  and  so  pointed 
out  the  way  to  a  physiological  explanation  of  the  formation 
of  species,  a  new  and  most  interesting  field  of  research  waa 
thrown  open  to  Physiology.  But  Physiology  has  hanlly  yd 
entered  this;  and  it  has  done  as  little  to  advance  < 
knowledge  of  the  processes  of  evolution  in  their  ontogcr 
as  in  their  phylogenetic  aspect.  In  fact,  with  a  feilj 
illusti'ious  exceptions,  most  physiologists  have  paid  vei 
little  attention  to  the  theory  of  descent,  and  to  this  daj' 
some  of  their  most  i-enowned  leaders  look  on  this  most 
imiKirtant  biological  theoiy  as  "an  unproved  and  baselesg 
hypothesis." 

This  want  of  comprehension  of  the  history  and  signift 
cance  of  evolution  can  alone  explain,  for  instance,  the  facli[| 
that  the  famous  Beilin  physiologist,  Du  Bois-RejTnond,  in 
his  well-known  address  "  On  the  limits  of  Natural  Science," 
delivered  at  Loiiisic  in  1872,  before  the  meeting  of  German 
naturalists,  declared  human  consciousness  to  be  a  phenome- 
non ahsolutoly  and  unconditionally  transcending  the  bounda 
of  hum-ji  comprehension.  It  never  occurred  to  him  thai  J 
coosciouBQess,  in  common  with  every  uther  cerebral  acUviiyJ 
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is  ih  actual  process  of  evolution.  He  overlooked  the  obvious 
oonsidoration  that  even  the  consciousness  of  the  human  race 
must  have  arisen  gradually  by  evolution  through  many 
phylogenetic  stages  precisely  in  the  same  way  that  even  yet 
the  individual  consciousness  of  every  child  is  gradually 
completed  in  the  course  of  many  ontogenetic  stages. 

Again,  this  same  want  of  insight  into  the  functions  and 
the  physiological  process  of  evolution  accounts  for  the  fact 
that  even  at  the  present  day  esteemed  and  learned  natural- 
ists are  earnestly  discussing  the  question  whether  the 
creation  of  species,  or,  in  other  words,  the  phyletic  evolution 
of  forms,  took  place  suddenly  or  gradually.  This  dispute 
is  as  irrational  as  would  be  a  dispute  as  to  whether  the 
mouse  is  a  great  or  a  small  animaL  The  elephant  will  of 
course  declare  the  mouse  to  be  a  tiny  creature,  while  the 
louse,  living  on  the  skin  of  the  mouse,  must  regard  the 
latter  as  an  animal  of  gigantic  size.  Just  as  in  the  one  case 
the  estimate  of  extension  in  space  is  purely  relative,  and  only 
to  be  taken  in  a  relative  sense,  so  in  the  other  case  is  the 
estimate  of  extension  in  time. 

Every  process  of  evolution  as  such  is  always  continuous, 
and  real  leaps  or  interruptions  never  occur.  Natura  non 
facit  saltus — nature  never  leaps.  This  is  true  both  of  on- 
togenetic and  of  phylogenetic  processes:  of  the  evolution 
of  the  individual  as  well  as  of  that  of  the  species.  It  is 
true  that  in  Ontogeny  leaps  sometimes  appear  to  occur, 
e.g.  when  the  butterfly  is  developed  from  the  pupa  into 
which  the  caterpillar  has  been  transformed,  or  when  a 
Medusa  is  developed  from  an  entirely  dissimilar  hydra-form 
Polyp.  But  the  morphologist  who  step  by  step  studies  the 
exact  course  of  these  processes  of  evolution,  finds  that 


THE   EVOLOTION  OF  MAM, 

though  certain  stages  seem  omitted,  the  continuity  ib  really 
unbroken,  and  that  each  new  form  arises  directly  from  that 
which  preceded  it.     Throughout  there  is  a  causal  and  u 
broken  connection ;  nowhere  a  sudden  leap."  But  when  thf^ 
rapidity  of  the  process  of  evolution  is  at  one  time  retanledl 
and  again  suddenly  accelerated,  or  when  heredity  is  cu^J 
tailed,  the  result  of  the  process  appears  to  be  a  sudden  leapa 

This   unbroken   causal  connection  of  the   processes  ( 
evolution   exists  equally  in  germ-history,   and    in    tribajil 
hbtory.     For  as  Ontogeny  is  but  a  brief  reproduction  ofl 
Phyltigeny,   conditional     on    Heredity    and    modified 
Adaptation,  in  the  latter,  therefore,  as  in  the  former,  no  leapl 
or  open  gap  can  ever  really  exist  between  two  consecutivi 
evolutionary  forms.     As  in  the  evolution  of  the  individui 
80  in  that  of  the  species,  each  new  form  arises  directly  fro 
that  which  preceded  it ;  and   here  also  the  physiologic* 
process  of  development  always  preserves   its  continuity. 
Even  in  those  extreme  cases  where  a  new  form  does  indeed 
seem  to  come  into  existence  quite  suddenly,  as  in  what  ia 
called  "sudden  or  monstrous  adaptation,"  there  is  alwayi 
under  the  surface,  on  unbroken   physiological  evolutionaij 
process  which  has  the  appearance  of  being  a  "  sudden  Icapl 
only  because  of  its  comparative  rapidity,  or  of  the  magnituA 
of  its  result. 

As  a  striking  instance,  let  us  consider  a  frequently  ob« 
Ber\'cd  case  of  such  "sudden  variation."  A  common  twO" 
horned  he-goat,  the  consort  of  which  is  also  a  common  tww 
horned  goat,  begets  a  kid,  from  the  skull  of  which  grow  fool 
boms,  in  place  of  the  two  horns  previously  hereditary  in  thU 
family  of  goafs.  In  this  case  a  new  variety  of  goats  fc 
iiig  four  horns  has  "  suddenly  "  arisen,  and  under  favotuaU 
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eonditions  this  young  he-goat  may  become  the  founder  of 
an  entirely  new  four-homed  race,  or  (by  correlative  adapta- 
tion and  constant  heredity)  of  a  new  fixed  species. 

But  if  we  now  search  for  the  physiological  functions  of 
evolution  which  have  *'  suddenly  "  formed  this  new  race  or 
species,  we  find  that  a  change  in  the  hereditary  nutrition  at 
two  points  in  the  frontal  bone  and  in  the  skin  covering  the 
same  is  the  prime  cause.  Owing  to  the  excessive  local 
nutrition  of  the  osseous  tissue,  and  the  consequent  propor- 
tionate multiplication  of  cells,  a  bony  protuberance  gradually 
appears  at  each  of  these  points;  and  in  consequence  of 
correlative  adaptation,  the  hairy  skin  covering  both  these 
protuberances,  changes  into  a  hard,  bare  homy  sheath, 
analogous  to  the  other  two  horns  which  have  long  been 
hereditary.  As  these  bony  protuberances  grow,  and  their 
homy  sheaths  become  correspondingly  larger,  a  new,  second 
pair  of  horns  appears  behind  the  old  ones.  All  these  func- 
tions of  evolution  which  "  suddenly  and  by  a  leap  "  produce 
this  four-homed  form  of  goat  are  in  reality  perfectly  "gradual 
and  continuous  '*  changes  in  the  evolution  of  those  masses  of 
cells  of  which  we  have  spoken :  they  depend  on  a  change 
in  the  nutrition  of  the  tissue  at  these  two  points  in  the 
frontal  bone  and  skin.  In  this  instance,  therefore,  an  accu- 
rate examination  of  the  physiological  function  of  evolution 
affords  a  perfectly  natural  explanation  of  an  apparently 
miraculous  process.  This  is  equally  true  of  individual  and 
of  phyletic  evolution. 

This  is  also  the  explanation  of  a  process  of  evolution 
which  above  all  others  is  usually  put  under  mystical  veil 
as  though  it  were  a  supernatural  wonder;  this  is  the 
process  of  fertilization,  or  sexual  generation.     In  all  the 
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higher  plants  and  animals  this  constitutes  the 
which  the  evolution  of  the  new  individual  begins.  Bui 
it  must  be  noted  here  that  this  important  process  is  by  no 
means  as  universally  distributed  throughout  the  aniuial  and 
vegetable  world  as  is  commonly  supposed.  On  the  contrary. 
there  are  very  many  low  organisms  which  always  multiply. 
aaesrually,  e.g.  the  Amcebie,  GregarinzB,  Flagellata,  Foi 
nifcrre,  Eadiolaria.  MyxoinycetsB,  etc  In  these 
there  is  no  fonn  of  -impregnation  :  the  multiplication  (A 
individuals,  and  the  preservation  of  the  species  depend  here 
simply  on  asexual  generation,  under  the  forms  of  fiaeion, 
propagation  by  buds  or  by  germ-eells.  On  the  other  hand, 
in  the  case  of  all  higher  plant  and  animal  organisms,  sexual 
propagation  is  the  general  law,  and  asexual  generation 
never  or  but  seldom  occurs.  Among  Vertebrates  in  par- 
ticular "  vii'ginal  generation "  {Parlhenoge-Msia)  never 
occurs.  This  we  must  explicitly  affirm  in  the  face  of  the 
celebrated  dogma  of  the  "immaculate  conception."  "Im- 
maculate conception "  has  never  been  observed  either  in 
Man,  or  in  any  oilier  Vertebrate.** 

Sexual  propagation  in  the  various   classes   of  ai 
and  plants  eshiljits  an  especially  large  number  of  inter 
ing  correlations,  especially   those  relating  to   fertUizatii 
and  the  transmission  of  the  male  sperm  to  the  female 
These  correlations  are  of  the  utmost  significance  not  only 
regard  to  propagation,  but  also  in  the  production  of  organic 
bodily  forms,  and   especially  of  sexual  differences.     Vwy 
remarkable  instances  of   interaction   take   place  between 
plaiita  and  animals.     The  recent  admirable  researches  of 
Darwin  and  Hermann  lliiller  on  the  fertilization  of  Sowen 
by  insect  agency,  ore  especially  interesting  from  Has  poii 
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of  Tiew."^  As  a  result  of  this  interaction  we  find  a  sexual 
apparatus  of  very  complex  anatomy.  But  in  spite  of  the 
great  interest  of  these  phenomena,  we  cannot  discuss  them 
now,  as  they  are  only  of  subordinate  importance  in  study- 
ing the  essential  nature  of  the  process  of  fertilization.  On 
the  other  hand,  the  nature  of  this  process  itself — the  mean- 
ing of.  sexual  generation,  must  be  closely  studied. 

In  every  process  of  fertilization,  as  has  already  been 
said,  two  different  kinds  of  cell,  male  and  female,  are  con- 
cerned. In  animals  generally  the  female  cell  is  called  the 
cgg>  or  egg-cell  {pvuium),  and  the  male  is  called  the  sperm- 
cell,  or  seed-cell  (zooapermvwm,  spermatozoon).  The  female 
egg-cell,  the  form  and  structure  of  which  we  have  already 
considered,  is  in  all  animals  originally  of  the  same  simple 
structure.  At  first  it  is  simply  a  globular,  naked  cell, 
consisting  of  protoplasm  and  cell-nucleus  (Fig.  10,  p.  134). 
When  this  cell  lies  free,  and  is  capable  of  motion,  it 
performs  a  number  of  slow,  amoeboid  movements,  as  we 
have  seen  in  the  case  of  the  egg  of  the  Sponges  (Fig.  14, 
p.  144).  But  commonly  at  a  later  period  it  is  enclosed  in 
peculiar  envelopes  and  coatings  of  a  very  heterogeneous  and 
frequently  very  complex  structure.  On  the  whole,  the  egg- 
cell  is  one  of  the  largest  of  cells.  In  nearly  all  animals  it 
is  larger  than  any  of  the  other  cells. 

On  the  other  hand,  the  other  cell  which  plays  a  part  in 

impregnation,  the  male  sperm-cell,  is  one  of  the  smallest 

cells  of  the  animal  body.     As  a  rule,  fertilization  results 

from  a  mucous  fluid,  secreted  by  the  male,  coming  into 

contact  with  the  egg-cell,  either  within  or  without  the  body 

of  the  female.    This  fluid  is  called  the  sperm,  or  male  seed. 

The  sperm,  like  the  saliva  and  the  blood,  is  not  a  simple 
U 
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clear  fluid,  but  a  dense  mass  of  exceedingly  nuincroiM  ceHn, 
Htiating  about  in  a  comparatively  small  quantity  of  fluid. 
It  ia  not  this  fluid,  but  the  cells  suspended  in  it,  which 
produce  fertilization.  In  moat  aniuiala,  these  sperm-cells 
1  posseaaed  of  two  special  properties.  In  the  first  place. 
tlicy  are  extraordinarily  small,  usually  the  smallest  celU  iu 
the  organism;  and  secondly,  they  are  possessed  of  a  very 
peculiar  quick  motion  called  the  sperraatozoid  movement* 
The  form  of  the  cells  is  in  correlation  with  this  movemenU 
In  most  animals,  as  also  in  many  of  the  lower  plants  (but 
not  in  the  higher),  each  of  these  cells  consists  of  a  vcrj" 
small  naked  cellular  body,  enclosing  an  oblong  nucleus, 
and  of  a  long  vibrating  £lament  attached  to  the  body  of 
the  cell  (Fig.  17)-  It  was  a  very  long  time  before  it  -waa 
discovered  that  the.se  structures  are  simple  ctlli  In  former 
times  they  were  universally  regarded  as  actual  animals, 
and  were  called  sperm-animala  {Spermatozoa).  It  is  only 
through  the  searching  investigations  of  the  past  few  years 
that  we  have  acquired  positive  evidence  of  the  fact  that 
each  of  these  so-called  spermatozoa  ia  really  a  simple  ccU. 
It  is,  therefore,  best  to  call  them  simply  seed-ccUs  or  apenn- 
cells.  In  Man  these  possess  the  same  form  as  i 
other  Vertebrates,  and  in  the  majority  of  Invertcbra 
In  many  of  the  lower  animals,  however,  the  form  of  t 
Bced-cclla  ia  very  different  Thus,  for  example,  in  the  Cn 
tisli,  they  are  fixed,  round  cells,  motionless,  and  fumishM 
with  peculiar  stiff,  bristly  processes.  So,  too,  in  certa 
Worms,  e.g.  the  Thread-worms,  the  spemi-cells  pos-tess  i 
very  anomalous  form.  Some  of  these  are  ama?boid. 
aembling  very  small  egg-cells.  Yet  even  in  moei  of  i 
lower  animals,  e.g.  the  Sponges  and  the  Polype,  they  f 
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the  "pin-shaped  foira"  which  occui-a  in  Man  and  other 
Mammals  (Fig.  17). 


Fig.  17.— Seed  .cells  or  iperm-eells  frnm  the  eemcn  of  various  Mammuls. 
Tm  broad  aide  of  the  Qatteeed,  pear-Bhaped  nucleus  poitiun  a!  the  Bpcrm- 
cell  (tbe   BO-oalled  "^«^dof  the  Bperm.aiiinialcuk")  is  repreaooted  in  tlio 

dnwings  marked  J;  the  dbitow  eido  iu  those  marked  II  :  k,  kernel  of  tlie 
■perm-oelli  m,  ceutml  portion  (prutoplnsm) i  s,  active  tail-like  proccitB 
(whip)  i  U,  taar  haman  gperm-cella  ;  A,  two  Bpenn-cells  of  the  ape  ;  K,  of 

thft  rabbit j  H,  of  the  common  moaee;  C,  of  the  dug;  S,  of  tho  pig. 

In  1677,  when  the  Dutch  naturalist,  LeeuwenhoL'k,  first 
discovered  these  filamentous  and  very  active  tiny  bodies 
in  the  human  semen,  they  were  generally  supposed  to  Ik; 
difltinct,  independent  animalcules,  resembling  Infusoria,  and 
they  were  at  once  named  "seminal  animalcules."  As  we 
have  already  observed,  they  played  an  iinportint  part 
in  the  erroneous  theory  of  preformation  which  was  then 
prevalent,  according  to  which  the  whole  of  the  dcvelojK'd 
ot]gani»m  with  all  its  parts  exists  prefoi-meil,  though  very 
small  and  as  yet  unexpanded,  in  each  seniinal  animalcule. 
(See   p.  36.)      These    animalcules   had   only    to   jienetnite 


lead^l 


THE  EVULCTliiK   I'F   i\Mi. 

into  the  fruitful  soil  of  the  female  eg^-cell  in  order 
preforniEjd  human  iKidy  might  unfold  and  grow  in  all 
parts.  This  radically  erroneous  view  is  now  coin])let< 
refuted,  and  the  most  acc-urate  researches  have  shown  that 
these  active  small  seminal  bodies  are  genuine  cells,  of  tli 
form  called  flagellate.  In  the  earlier  expositions  of 
subject  a  head,  trunk,  and  tail  were  distinguished  in 
of  these  "  seminal  aniraalculea"  The  so-called  "  ht 
(Fig.  17  k)  is  only  the  longiah  round  or  oval  cell-nucleus 
the  body,  the  central  portion  (m),  is  only  an  a^iregation 
of  cell  material,  a  prolongation  of  which  forms  the  tail  (») 
We  now  also  know  that  the  form  of  these  seminal  animal- 
cules is  not  even  peculiar  and  unrepresented  in  other  cells, 
for  entirely  similar  vibratory  cells  occur  in  various  othci 
parts  of  the  animal  body.  When  these  cells  are  possessed 
of  many  processes  they  are  called  ciliate  cells ;  but  if  they 
have  only  one  process,  they  are  said  to  be  flagellate.  The 
ciliated  sponge  particles  aflbrd  instances  of  tla^llate 
resembling  those  of  the  sperm-cclU 

Thus  the  process  of  fertilization  in  sexual   generatiwl 
depends   essentially  on  the  fact  that  two  dissimilar 
meet  and  blend.     In  former  times  the  strangest  views 
vailed  with   regard   to  this  act.     Men  have  always  bt 
disposed  to  regard  it  as  thoroughly  mystical,  and  tho  m< 
widely  different  hypotheses  have  been  framed  to  ncconn) 
for  it.     It  is  only  within  the  last  few  years  that  closer 
study  has  shown  that  the  whole  process  of  fertilizatiim  in 
extremely  simple,  and  entirely  without  anyspecial  mysti 
Essentially  it  consists  merely  in  the  fact  that  the 
sperm-cell  coalesces  with  the  female  egg-cell     Owing  to 
!*  movements,  the  very  mobile  si)erm-cell  finds  its 
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(o  the  female  egg-cell,  penetrates  the  membrane  of  the  latter 
hy  a  perforating  motion  and  eoaleaces  with  its  cell-material. 

Fio.  IS. — Fertilization  of  the  egg. 
cell  bj  the  Bperm-celis.  Tbe  thread- 
shaped,  lireif  Bperm.oelb  penelr&ta 
thruogfa  the  porooB  oanaU  of  the  egg- 
nwmbisoe  into  the  graoDlu'  maas  of 
jelk,  with  which  thej  amalgaointv. 
The  kernel  (DDcleoB)  of  the  ogg-cell 
hM  disappeared. 

A  poet  might  find  in  this 
circumstance  a  capital  oppor- 
tunity for  painting  in  glowing 
colours  the  wonderful  mystery  of  the  process  of  fertiliza- 
tion ;  he  might  describe  the  struggles  of  the  living  "  seed- 
animalcules  "  eagerly  dancing  round  the  egg-cell  shut  up 
in  its  many  coverings,  disputing  the  passage  through  the 
minute  pore-canals  of  the  chorion,  and  then  "  of  purpose  " 
burying  themselves  in  the  protoplasm  of  the  yelk-mass, 
where,  in  a  spirit  of  self-sacritice,  they  completely  efface 
themselves  in  the  better  "  ego."  Or  a  teleologiat  might 
here  find  occasion  to  admire  the  peculiar  wisdom  of  the 
Creator,  who  made  many  fine  pore-canals  in  the  egg- 
membrane  in  order  that  the  seed-aniinalculcs  might  pa-ss 
through  them.  But  the  critical  naturalist  very  prosaically 
conceives  this  poetical  incident,  this  "  crown  of  love,"  as  the 
mere  coalescence  of  two  cells.  The  result  of  this  is  that,  in 
the  first  place,  the  egg-cell  is  rendered  capable  of  furtlier 
evolution ;  and,  secondly,  that  the  liorcditary  rjualitios  of 
both  parents  are  transmitted  to  the  child. 

The  faiilized  egg-cell  iV  ikeirfore,  of  a  nature  entirely 
different  from  that  of  the  uvferfilised  egg-cell.     For  since 
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we  regard  the  aperm-cell  as  well  as  the  egg-cell  as  true  cell's 
anH  since  fertiliiiation  essentially  consists  in  the  ainalgama- 
tion  of  the  former  with  the  latter,  therefore  the  cell  whic 
re^ulUi  from  this  amalgamation  must  be  regarded  aa  an  ( 
tirely  new  independent  organism.  It  contains,  in  the  prutd 
plasm  i)f  the  sperm-cell,  a  portion  of  the  paternal,  male  b 
and  on  the  other  hand,  in  the  protoplasm  of  the 
egg-cell,  a  portion  of  the  maternal,  female  body.  This  i 
equally  shown  by  the  fact  that  ;the  child  inlierita  many 
qualities  &om  both  parents.  Heredity  from  the  father  is 
trannmitted  through  the  Bperm-cella,  Heredity  &om  the 
mother  through  the  egg-celL  The  new  cell,  which  is  the 
rudiment  of  the  child,  the  newly  generated  orgajii&tn, 
originates  in  an  actual  amulgamatlon  or  coalescence  of  t 
two  cells. 

In  order  to  gain  a  correct  and  clear  knowledge 
fertilization,  I  think  it  is  absolutely  necessary  to  emphu 
as  quite  fundamental  this  simple  but  most  import 
process,  which  as  yet  ia  not  sufficiently  appreciated.  I  thei 
fore  assign  a  peculiar  name  to  the  new  cell,  from  whid 
the  child  really  pioceeda,  and  which  is  usually  inapt 
called  "the  fertilized  e™-cell"  or  "the  first  clcava| 
globule;"  I  shall  call  it  the  parent-cell  (cytula),  and  i 
kernel  (nucleus)  the  parent-kernel  (cytococeus).  The  r 
"  parent-ccU "  seems  to  me  the  simplest  and  most  i 
because  all  lite  othor  ccUa  of  the  organism  descend  {rom  f 
and  because  it  is  in  the  most  real  sense  buth  the  : 
ancestor  and  the  female  ancestor  of  ail-  tlie  numero 
generations  of  cells,  which  are  afterwards  employed  in  t 
foi-mation  of  the  many-celled  organism.  The  very  cam|t)d 
miilbculor  movement  uf  the  prutoplustu  in  this  paivnln 
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Bommed  up  in  the  word  "life,"  is  naturally  entirely  dii- 
ferent  from  that  of  the  two  distinct  ancestral  cells,  the 
amalgamation  of  which  gave  rise  to  the  parent-cell.  The 
life  of  the  parent-cell  (Cytula)  is  the  product  or  resultant 
of  the  paternal  activities,  transmitted  through  the  spefvi- 
cell,  together  with  the  maternal  activities,  transmitted 
through  the  egg-cdl. 

All  good  recent  observations  agree  in  showing  that 
the  individual  evolution  of  man  and  of  other  animals 
begins  with  the  formation  of  such  a  parent-cell,  and  that 
in  the  course  of  further  evolution  this  then  separates 
by  self-division,  or  cleavage,  into  a  number  of  cells,  the 
so-called  cleavage-globules  or  cleavage-cells  (segmentdla). 
But  the  most  active  strife  is  still  waged  over  the  question 
of  the  mode  in  which  the  parent-cell  (cytula)  originates, 
and  of  the  relative  parts  played  by  the  sperm-cell  and  the 
egg-cell  in  the  formation  of  the  parent-cell  and  in  the  act 
of  fertilization.  Formerly  it  was  usually  assumed — and 
many  well-known  naturalists  still  adhere  to  this — that  the 
original  kernel  (nuA)leiis)  of  the  egg-cell  (p.  136,  Fig.  11), 
the  so-called  germ- vesicle,  is  retained  unaltered  during 
fertilization,  and  that  it  directly  transforms  itself  into  the 
parent-kernel,  "the  kernel  of  the  first  cleavage-globule." 
But  most  more  recent  observers  (with  whom  I  agree)  have 
become  convinced  that  the  germ-vesicle,  the  original  egg- 
kernel,  sooner  or  later  disappears,  and  that  the  parent- 
kernel  (cytococeus)  forms  itself  anew.  Here  again,  even 
the  question  as  to  the  time  and  mode  in  which  the  ne^^ 
kernel  of  the  parent-cell  forms  is  at  present  still  much 
debated.  Some  assume  that  the  germ-vesicle  disappears 
before  fertilization,  others  say  that  this  happens  after  ferti- 
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lizBtion.     One  party  alHrms  th&t  it  is  expelled   from  I 
e^-celi,  the  other  that  it  disaolvea  in  the  yolk.     Some  i 
of  opinion   that  it  disappe.ara  eutirely,  others,  that  it  onln 
a  partially. 

We  cannot  here  enter  into  the  various  views  which  havi 
recently  been  fonned  as  to  this  remarkable  incident  in  feitili- 
/.ation,  the  examination  of  which  presents  groat  difHculiJee. 
Those  who  are  particularly  interested  in  it  may  be  refened 
to  valuable  works  on  this  subject  by  Auerbach,  BiitschUJ 
Hertwig,  Strasburger,  and   othera*     Here   we   can   onljjq 
brietly  indicate  Uie  view  which  at  present  appears  mot 
proliable.     Most  students  of  this   point  now  assume  as  I 
universal  incident  in  fertilization  that  the  germ-vesicle,  t 
original  kernel  of  the  egg-cell,  disappears  before  fertilizatioi 
being  either  expelled  from  the  egg  or  dissolved  in  the  jellcS 
Either    no   part  of   the   egg-cell,  or    only  the   germ-s 
(niu:leolue),  remains  as  a  defined  part  in  the  yelk.     Accord 
ing  to  Hertwig  and  others,  this  germ-spot  amalgamates  wit) 
the  sperm-kemel,  or  the  kernel  of  tJie  intruding  sperm-ceH 
and   this   amalgamation  gives  rise   to   the   kernel  of  tha 
parent-cell.     On  tlie  contrary,  according  to  other  observetB 
the  parent-kerael  {cytococctta)  is  an  entirely  new  formatioi 
in  the  protoplasm  of  the  parent-cell  (cytula.  Fig.  21). 

At  present,  therefore,  the  majority  of  observers  assi: 
that  between    the    original    nucleated    egg-cell    and 
known  nucleated  paront-ccll  there  is  a  stage  in  which  ther^ 
is  no  real  cell-kernel  or  nucleus,  and  in  which,  tlierefore,  t 
form-value  of  the  whole  organic  individual  is  no  longer  tlit 
of  a  true  nucleated  cell,  hut  that  of  a  non-nucleated  c^'t^ 
i.0.  a  simple  protoplasmic  body  in  which  no  true  oe1I-k«mll 
(nucUua)  is  to  be  found.     (Cf.  p.  12£).)     Even  if,  witli  Bei 


L 


THE  HONERULA. 


179 


wig,  we  &S3ume  that  the  germ-vesicle  does  not  completely 
disappear,  but  that  the  germ-spot  (niicleoltts)  remain!)  and 
amalgamates  at  the  moment  of  fertilization  witti  the 
nucleus  (or  macleolaa  V)  of  the  sperm-cell,  we  may  say  that 
the  kernel  of  the  parent-cell  arises  anew  in  that  act,  and 
that,  therefore,  a  noQ-nucleated  germ-stage,  in  which  the 
form-value  of  the  germ  is  only  that  of  a  cytod,  precedea  the 
one-celled  germ-stage  (the  parent-cell).  For  reasons  which 
we  shall  ]>resently  recognize,  we  shall  call  this  simplest 
(non-nucleated)  stage,  the  Monerula."     (Fig.  19.) 


Fin.  19.— Monernlft  of  k  MammBl  (Babbit).  The  fertiliiod  egg-coll,  after 
tba  diMppeluVDce  of  the  germ-regicle,  is  a  simplo  globe  of  protoplaam  (d). 
The  outer  membnne  is  formed  hj  tho  modified  lona  peUveida  (i),  togelhor 
with  *  iDDCons  layer  (ft)  secreted  on  the  oufside  of  the  lona.  A  few  Binglo 
apcrm-oelb  (i)  are  still  rislblo  in  the  nicmbnine. 

We  regard  it  as  a  fact  of  the  greatest  interest  that  the 
human  child,  like  that  of  every  other  animal,  is,  in  this 
first  stage  of  iis  individual  exist(.'nce,  a  non-nucleated  Iiall 
of  protoplasm,  a  true  cytod,  a  homogeneous,  structureless 
IxKly,  without  different  ctmstituont  jiarts.  For  in  this 
"  Honerula-form  "  the  structure  of  the  animal,  and  thus  of 
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tlie  Imman  organism,  is  of  the  sttnplest  conceivable  natui 
The  simplest  actually  kuown  oiganisms,  on<l  at  the 
time  the  simplest  conceivable  orgaoismH,  are  the  Mnnei 
moat  of  which  are  minute,  microscopic,  and  fonnlcM  bodie 
cijnsisting  of  a  homogeneous  substance,  of  an  aliiuminous  ■ 
mucous,  soft  niBfis,  and  which,  though  they  are  not  c 
posted  of  diverse  organs,  ai'e  yet  entiowed  with  all  the  a 
qmilities   of  an   organism.      They   move,   feed,  and    repn 
duce    tlicmsolves   by   division   \.Fig.    20J.      These    MuuM 


Fin.  20.— A  Moneron  {rro(otiiii'?ja)  in  the  trl  of  nptodaction. 
whule  Mutiervtu,  wliii:li.  likt^  tL(>  Anitebn  (Fiji.  13),  niuTes  by  mraiuof 
able  pmaeeavK.     B.  Tli»  Mniicrun  U  piDclipi)  in  at  h  Ctottml  point,  • 
ia  dividod  iutu  two  halves,     i.'.  The  two  halvoH  have  H:)iHiKU>tl  utd  p 
now  forms  an  iudopeudpnt  indiridiial.     (Much  i^ulArged.) 

are   of  great    imptii-tance,   owing  to    the  fact    that   tliq 
afford  the  surest  starting-point  for  the  theory  of  the  "rifn 
of  hfe  on  our  eartk     We  shall  presently  have  furttior  i 
casion  to  point  out  their  significance.    (Cf  Chapt«r  XVIj 
Here  we  need  only  give  due  weight  to  the  very  rcmarkabi 
fact  t}iat,  both  in  gi-rm -history'  and  in  tribal  hisUirj-. 
animal   organism  liegins    its  evolution   as    a   structurelel 
mucous  ball.     The  human  organism,  like  that  of  th«  higb* 
animals,  exists  for  a  short  time  in  this  simph^st  conceivaW 
form,  and   its   individual   cvohitiou  tommeuccH  from  I 
simplest  fpriu.     The  entire  human  child,  with  al!  its  ^ 
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future  (possibilities,  is  in  this  stage  only  a  small,  simple  ball 
of  primitive  slime  (protoplasm.  Fig.  Id).  The  membrane 
!s  .still  there,  but  seems  to  be  an  entirely  {laasive  part  of  the 
fgg,  and  takes  no  real  share  in  the  active  processes  of  the 
evolution  of  this  egg.  We  may,  therefore,  for  a  time  pass 
over  this  membrane,  for  we  shall  afterwards  enter  into  the 
changes  which  it  undergoes  in  a  later  stage ;  as  regards  the 
actual  process  of  evolution,  it  is  entirely  without  significance. 
At  present  we  need  only  concern  ourselves  with  the  contenta 


mudifled  lana  jwUuctiiu;  i,  spcrm-ci^llti;  /i,  L-itvmal  altiuiuiuoux  luuuibrauo. 

of  the  globular  egg,  the  homogeneous  yelk,  which  when 
in  this  condition  we  call  the  Monerula,  in  allusion  to  the 
Monera-forra. 

Although  mor|ihol(igically  we  can  sec  no  defined  con- 
stituent parts  in  the  Mononila,  yt;t  clicuiicnlly  we  must 
regard  the  latter  as  the  complex  pHnlnct  <if  at  least  four 
different  constituent.'*;  those  ai'u  ;  (1)  tin-  protoplasiri  of  the 
maternal   e^-cell ;    (2)    the   i>i-otoiilu.-j]ii    of    thu   t>atci-Nal 


THE    L/OLUTION   OF    MAN. 


Bperni-ceU ;  (\i)  the  substance  of  tlie  matiernal  germ-vftaiet© 
(kern el- substance  or  nudein  of  the  egg-cell) ;  and  (i)  ths 
substance  of  the  paternal  sperm-kernel  (kemel-substancc  or 
nudein  of  the  sperm-cell).  From  the  mixture  of  the  twi> 
former  substances  (1,  2)  the  protoplasm  of  the  parunt-cell 
( Kig.  21,  p)  seems  to  originate  ;  from  the  mixture  of  the  two^ 
foi  ms  (3,  4)  the  parent-kernel  (cytococcus)  set^ms  to  ori^'ia-l 
ate  (Fig.  21,  ky^ 

The  parent-cell  {cytula.  Fig.  21),  which  was  formerh 
regarded  as  merely  the  "fertilized  e^-cell,"  ditfera  very' 
essentially,  therefore,  from  the  original  egg-cell,  both  in 
point  of  form  (morphologically),  and  in  point  of  composition 
(chemically),  and  lastly,  also  in  point  of  vital  qualities 
(physiologically).  Its  origin  is  partly  paternal,  partly 
maternal;  we  need  not,  therefore,  be  suqn-ised,  when  we 
see  that  the  child,  which  develops  from  this  parent-cell, 
inherits  individual  qualities  from  both  parents.™  i 

The  vital  activities  of  each  cell  form  a  sum  of  mcchanH] 
cal  processes,  which  depend  radically  on  movements  of  tJw 
smallest  "life  particles,"  the  molecules  of  the  living  sub- 
stance.    If  we  call  this  active  substance  the  Pla^son,  and 
the  molecule*  the  Plastidules,  we  may  say  that  the  i 
viilual  physiological  character  of  each  cell  depends  on 
molecular  movements  of  its  [ilastidulcs.       The  jdatlidi 
•movements  of  the  cyttila  are  Iheivfore  tlte  resultant  of 
united  plustidul-e  mvvenuints  of  tiut  female  eQ'j-ceU  i«4 
Uie  Tnale  sperrti-cell.     If  we  regard  Llie  two  latter  as  ! 
sides  of  the   parallelogram   of  forces,  then   the   plastidi 
movetiR'ut  of  tlie  cytula  is  the  diagonal     In  my  work 
the  "  Perigcnesis  of  Plastidules"  (1870),  I  have  explaini 
the  important  bearing  of  this  conception  in  «xpIaDati< 

elementary  processes  of  evolution. 
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TABLE  II. 


Review  of  the  Constitnent  Parts  of  the  One-celled  Gcmi  .organism,  before 

and  after  fertilization. 

Cf.  the  works  of  Edoard  Strasbnrger  ("  Ueber  Zcllblldang,  Zelltheilung 
ind  Befmchtnng/'  2nd  Edition ;  Jena,  1876) ;  of  Oscar  Hertwig  ("  Beitriige 
Mxr  Kentniss  der  Bildong,  Befmchtang,  ond  Theilang  des  Thierischen  Eies;" 
1875) ;  of  Leopold  Aaerbaoh  ("Organologische  Stadien ;"  1874) ;  and  of  Otto 
Butschli  ("Stadien  &ber  die  ersten  Entwickelungs-Yorgange  der  Eiaelle," 
•ic;  1876)  .•« 


L  The  Fertiliiing  Kale, 
or  Paternal  Sexual 
CelL 


The  Bperm-eelL 
•  Sp^rmule, 

8yn.       Thread  -  cell. 
Beed-animalcale.    Sper- 
matozoa.    Zoosperm. 
rig.  17,  p.  173. 


Constituent  Parts. 

L  A.  Protoplaim  of  the 
Sperm-eeU. 

(SpermopUk'tna,) 
The  central  portion 
and  the  tail  of  the  seed- 
thread,  together  with 
the  ontor  sheath  of  the 
"  bead." 

L   B.  Kernel   (nucleuB) 
of  the  Sperm-ceU. 
{SpermocoeeuM.) 

Si>erui  kernel  (Hcrt- 
wi^f).  "  Head  of  the 
■I>emi4inimal "  (frith 
the  exception  of  the 
(hin  outer  sheath). 


n.  The  Fertilized  Female, 
or  Maternal  Sexual 
CelL 


The  Egg-celL 

Ovule, 

Syn.  The  unfertilized 

egg- 
Fig.  1,  p.  122. 

Fig.  10,  p.  134. 


Constitnent  Parts. 

II.  A.  Protoplaim  of  the 
Xgg-ceU. 

(OvopUisma.) 
Yelk, egg-yelk,  Lecy- 
thns,  vi  tell  us. 


II.  B.  Kernel  (nucleus) 
of  the  Egg-cell. 

(Chococcus.) 

Germ-yesiclc,or  Pur- 
kinjo's  vesicle  {Vesicula 
Qerminativa),  contain- 
ing the  germ-spot 
(Macula  Qerminativa), 
or  the  nucleolus,  which, 
according  to  Hertwig, 
becomes  the  egg-kei-nol. 


ni.  The  New  Cell,  the 
product  of  the  Conore- 
ioence  of  L  and  II. 


The  Parent-celL 

Cytula, 

Syn,  The  fertilized 
egg.  The  first  cleavage- 
globule.  The  oldest 
cleavage -cell.  Segmen- 
tella  prima. 

Fig.  21,  p.  181. 
i 

Constitnent  Parts. 

III.  A.  Protoplasm  of 
Parent-cell:  Cleavage- 
yelk. 

(Cytuloplasma.) 
Protoplasm  of  the 
first  cleavage  •  globule 
(the  product  of  tho 
atiial^^^niation  of  I.  A. 
and  II.  A. 

III.  B.  Kernel  (nudeus) 
of  the  Parent-cell. 
(Cytulococcvs.) 

Cleavage  kernel  ( llort- 
wig).  Germ  -  kernel 

(Sti-asburger).  Kernel 
of  the  first  cleavage- 
globule  (product  of  tho 
amalgamation  of  the 
sperm. kernel  and  the 
egg-kernel  ?).** 


CHAPTER    VIII. 

EGG  CLEAVAGE  AND  THE   FORMATION    OP    THE   GERM- 

LAYERS. 


First  Processes  after  the  Fertilization  of  the  Kjr^.ccll  is  complete.  —  Origpoal 
or  PaliDgenetic  Form  of  Egg-cleavage. — Significance  of  the  Clearag^ 
process. — Malberry-germ,  or  Morula. — Germ-vesicle,  or  Blostnla.  Germ- 
membrane,  or  Blastoderm. — Inversion  (Invagination)  of  the  Germ-vesicle. 
— Formation  of  the  Gkstmla. — Primitive  Intestine  and  Primitive 
Month. — The  Two  Primary  Germ-layers;  Exoderra  and  Entoderm.— 
Kenogenetio  Form  of  Egg-cleavage. — Cneqnal  Cleavage  {segmentaiio 
inequalis)  and  Hood-gastrala  (Amphigastrula)  of  Amphibia  and 
Mammalia. — Total  and  Partial  Cleavage. — Holoblastio  and  Meroblastio 
Eggs. — Discoidal  Cleavage  (segmentaiio  discoidalis)  and  Disc-gastrala 
(Disrogastrula)  of  Fishes,  Heptiles,  Birds. — Superficial  Cleavage  {Meg- 
mentatio  supcrfieialxa)  and  Vesicular  Gastrula  (Peri-Qastrula)  of  Ar- 
ticulates {Arthropoda), — Permanent  Two-layered  Body-form  of  Lower 
Animals.  —  The  Two-layered  Primasval  Parent-form  ;  Gastrsea.  — 
iromology  of  the  Two  Primary  Germ-layers  in  all  Intestinal  Animals 
(Metaz^a), — Significance  of  the  Two  Primary  Germ-layem. — Origin 
and  Significance  of  the  Four  Secondary  Germ-layers. — The  Exoderm 
or  Skin-layer  gives  rise  to  the  Skin-sensory  Layer  and  the  Skin. 
fibrous  Layrr.—  The  Entoderm  or  Intestinal  Layer  gives  rise  to  tfic 
Intestinal-fibrous  Layer  and  the  Intestinal -gl an dninr  Lny(*r. 

"The  distinjruishin^  of  the  strata,  or  layers,  in  the  embryonic  membrane 
war*  a  tiirning-i>oint  in  the  study  of  the  history  of  evolution,  and  placed 
later  researches  in  their  proper  lij^ht.  A  division  of  the  (disc-shape<l) 
cmbrvo  into  an  animal  and  a  plastic  part  first  takes  place.  When  this 
division  is  complete,  each  part  has  two  layers.  In  the  lower  part  (the 
plastie  or  veixetative  layer)  are  a  serous  and  a  vascular  layer,  each  of  pccu- 
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liar  organixation.  In  the  upper  part  also  (the  animal  or  serouB  germ-laycr) 
two  layers  are  clearly  distinguishable,  a  flesh-layer  and  a  skin-layer." — Earl 
EuiST  Baer  (1828). 

The  first  processes  which  occur  in  the  evolution  of  the 
individual,  after  the  impregnation  of  the  egg-cell  is  com- 
plete, and  after  the  formation  of  the  parent-cell,  are  essen- 
tially similar  throughout  the  whole  animal  kingdom,  and 
always  begin  with  the  so-called  yelk-cleavage,  and  the 
formation  of  the  germ-layera  Only  the  lowest  and  simplest 
animals,  the  Primaeval  Animals,  or  Protozoa,  are  peculiar  iu 
this  respect  These  latter  include  the  Monera,  Amoebae, 
Gregarinse,  Flagellata,  Rhizopoda,  Infusoria,  and  others. 
All  these  Primaeval  Animals  reproduce  themselves,  as  far  as 
we  yet  know,  only  asexually,  by  division,  the  formation  of 
buds,  spores,  germ-cells,  and  so  on.  On  the  other  hand,  they 
never  have  true  eggs,  i.e.  germ-cells,  to  the  evolution  oi 
which  fertilization  is  necessary.  Nor  do  they  ever  form 
true  germ-layers.  All  other  animals,  on  the  contrary,  all 
true  animals,  or  Metazoa  (as  we  may  call  them,  in  contra- 
distinction from  the  Protozoa)  have  true  eggs,  and,  from  their 
impregnated  eggs,  form  true  germ-layers.  This  is  as  true 
of  the  low  Plant-animals  and  Worms,  as  of  the  higher 
developed  Soft-bodied  animals  (Mollu^ca,)  Star-animals 
{Echinodeimia),  Articulated  animals  {Arthropoda),  and  Ver- 
tebratea** 

The  most  important  processes  of  germination  are  essen 
tially  similar  in  all  these  true  Animals  (the  Primaeval  aniuialis 
being  excluded).  In  all,  the  parent-cell,  which  arose  from 
the  fertilized  egg-cell,  separates,  by  repeated  cleavage,  into 
a  largo  number  of  simple  cella  All  these  cells  are  direct 
followers  or  descendants  of  the  parent-cell,  and,  for  reasons 
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which  will  be  explained  Later,  are  called  Cleavage-cclla  or 
Cleavage-globulea  [segmentelia).      The  repeated  process  of 
division  of  the  parent-cell,  whicli  gives  rise  to  the  cleav: 
colls,  has  long  been  known  aa  egg-cleavage,  or,  inaccurate! 
OS  cleavage  (segmentation).    At  an  earlier  or  later  stage, 
entire  mass  of  cleavage-cells   divides  into  two  essentii 
different  groups,  which  range  themselves  in  two  separal 
cell-strata ;  the  two  primary  germ-layera.    This  formation 
the  gei-m-layers  is  a  process  of  the  greatest  signiticance,  and 
the  real  beginning  of  the  foj-mation  of  the  true  animal  body. 

It  is  only  quite  recently  that  the  fundamental  genninar 
processes  of  egg-cleavage  and  the  formatioa  of  the  gei 
layers   have   been   thoroughly  understood,  and   their 
significance  rightly  estimated.    In  the  various  animal  grou] 
these  processes  exhibit  various  striking  differences,  and  it 
was   no   easy  task   to   show   their   essential   similarity   or 
identity  throughout  the  whole   animal   kingdom   (always 
excepting,  of  course,  the  Primieval  Animals,  or  Protozoa). 
It  was  only  after  I  had  established  the  Gastnea  Theory, 
in  1S72,  and   aftei'wards,  in  1875,  had  traced  back   i 
vidual  forms  of  egg-cleavage  and  of  the  formation  of 
gastrula  to  one  and  the  same  type-form,  that  this  importi 
identity  could  be  regarded  as  really  proved.     This  fumisi 
a  single  law  which  conditions  the  earliest  germinal  pr 
(■fall  animals.** 

The  relation  of  Man  to  these  earliest  and  most  i 
ant  processes  ia  entirely  similar  to  that  of  otlier  highf 
Mammals,  and  et^ipecially  to  that  of  Apes.  As  the  human 
genn  or  embryo,even  in  a  much  later  stage  of  its  formation, 
when  the  brain-bladders,  the  eyes,  the  organs  of  hi 
ilie  gill-arches,  etc.  are  also   present,  does  not  esaenti 
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differ  from  the  correspondingly  developed  embryos  of  other 
higher  Mammals  (Plate  VII.,  1st  row),  we  may  quite  safely 
assume  that  the  earliest  germinal-processes,  the  cleavage  of 
the  egg  and  the  formation  of  the  germ-layers,  also  corre- 
spond. As  yet,  however,  these  processes  have  not  been 
actually  observed  ;  for  there  has  never  been  an  opportunity 
of  dissecting  a  female  of  the  human  species  immediately 
afker  fertilization  is  completed,  and  of  seeking  the  parent- 
cell,  or  the  cleavage-cells,  in  the  oviduct.  As,  however,  the 
youngest  human  embryo  (in  the  fono  of  germ -vesicles), 
which  have  yet  been  really  observed,  as  well  as  the  subse- 
quently developed  germ-forms,  correspond  in  all  essential 
points  with  those  of  the  Rabbit,  the  Dog,  and  other  higher 
Uammals,  no  reasonable  man  can  doubt  that  egg-cleavage 
and  the  formation  of  the  germ-layers  proceeds,  in  the  one 
ca^  as  in  the  other,  in  the  way  represented  in  Plate  II. 
Fig.  12-17." 

The  particular  form  which  egg-cleavage  and  the  forma- 
tion of  the  germ-layers  assume  in  the  case  of  Mammals,  is, 
however,  by  no  means  the  original,  simple,  and  palingenetic 
form  of  germination.  On  the  contrary,  it  has  been  very 
much  changed,  vitiated,  and  kenogenetically  modified  in 
consequence  of  numerous  embryonic  adaptations.  (Cf  p.  12.) 
It  is,  therefore,  impossible  from  a  mere  study  of  it  to  learn 
its  nature.  On  the  contrary,  in  order  to  obtain  this  knovr- 
ledge,  it  is  necessary  to  study  and  compare  the  various 
forms  of  egg-cleavage,  and  of  the  formation  of  the  germ- 
layers,  which  occur  in  the  animal  kingdom;  and  it  is 
especially  necessary  to  search  for  the  original,  palingenetic 
form,  from  which  the  modified,  kenogenetic  form  of  germi- 

iiati«in  of  Mammals  gradually  arose  at  a  much  later  timp). 
15 
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This  original,  palingenetic  form  of  e^-cleavage,  and 
of  the  formation  of  Uie  gertn-layers  ia  altogether  unrepre. 
Bented  in  the  present  day  in  the  Vertebrate  tribe,  to-  whii 
Man  belongs,  except  in  the  litweat  and  oldest  member 
this  tribe,  the  remarkable  Lancelet  or  Amphioxus  {) 
Cliaptera  XIII.  and  XIV.,  and  Plat«8  X.  and  XI.).  But 
is  still  found  in  exactly  this  foi-m  in  many  low  invcrt<«'j 
brate  animals — for  example,  in  the  remarkable  Sea-scjuirta 
{Asddia),  in  the  Pond-snail  (LimTUBUs),  in  the  Arrow-womi 
(Sagitta);  alsu  in  many  Star-animals  (Ecfitnoderma)  and 
Plant-animals, — for  example,  in  the  common  Star-fisli  and 
Sea-urchin,  in  many  Medusae  and  Corals,  and  in  tht] 
simplest  Chalk  S[x>iiges  (Olynthus).  As  an  example,  let 
examine  the  palingenetic  egg-cleavage  and  formati( 
the  germ-layers  of  an  eight-rayed  single  Coral,  which 
found  in  tlie  Red  Sea,  and  described  in  my  Anil' 
KoTalUn  under  the  name  of  Moitoxenin  Darwinii.^ 

After  the  Monerula  (Fig.  22,  A)  ha%  changed  into 
parent^wU,  or  cytuia  (B),  the  latter  divides  int«  two  simi 
cella  (C).  The  kernel  of  the  parent-cell  first  parta  in) 
two  similar  halves;  these  part  asunder,  shruik  from 
other,  and  then  act  aa  centres  of  attraction  to  the  8urroucd< 
ing  protoplasm;  after  this  the  protoplasm  becomes 
tmcted  by  a  circular  groove  running  round  its  circumferenet^ 
and  then  separates  into  two  similar  halvoa  Each  of  the 
two  cleavage- eel  1 3,  which  are  thus  produced,  again  separat«a 
in  the  same  way  into  two  similar  cells,  the  plane  of  divisioa 
between  these  two  latter  lying  at  riglit  i 
between  tlie  two  former  (Fig.  22,  D).  The  four  sii 
cleavage-cells,  the  descendanta  in  the  second  generation  of 
tlie  parentrcell,  lie  in  one  plane.     Kach  of  these  now  ugaiv 
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divideB  into  two  similar  halves,  the  division  of  the  cell- 
kernel  again  preceding  that  of  the  surrounding  proto- 
plasm. The  eight  cleavage-cells  thus  produced  bisect  in 
the  same  way  into  sixteen.  Thirty-two  cleavage  cells  are 
formed  from  these  by  further  division.  As  each  of  these 
again  bisects,  sixty-four  of  these  cells  are  produced ;  after- 
wards one  hundred  and  twenty-eight,  and  so  on.^  These 
repeated  and  similar  bisections  finally  result  in  the  produc- 
tion of  a  globular  mass  of  similar  cleavage-ceils;  we  call 
this  mass  the  mulberry-germ  {morula).  The  cells  lie  as 
dose  together  as  the  drupes  of  a  mulberry  or  blackberry ; 
30  that  the  entire  surface  of  the  round  mass  appeal's  rugged 
(Fig.  22,^.    (Cf  Plate  IL  Fig.  3.«») 

After  this  egg-cleavage  is  completed,  the  solid  mulberry- 
germ  changes  into  a  hollow  globular  vesicle.  A  watery 
liquid  or  jelly  collects  in  the  centre  of  the  solid  ball ;  the 
cleavage-cells  part  asunder,  and  all  seek  the  surface  of  the 
baU.  Here  by  mutual  pressure  they  become  multilaterally 
flattened,  assume  the  form  of  truncated  pyramids,  and  range 
themselves  in  order,  side  by  side,  in  a  single  stratum 
(Fig.  22,  F,  G).  This  cell-stratum  is  called  the  germ-mem- 
brane (bkLstoderma) ;  the  cells  (all  of  one  kind),  a  simple 
stratum  of  which  forms  the  germ-membrane,  are  called  the 
germ-membrane-cells  {cellulce  blastodermiccB);  and  the  entire 
hollow  ball,  the  walls  of  which  are  composed  of  these  cells, 
is  called  the  germ-membrane-vesiele,  or,  briefly,  the  germ- 
vesicle,  or  vesicular-germ  (blaatula;  formerly  called  the 
vesicula  blasiodermica).^  The  inner  cavity  of  the  ball, 
which  is  filled  with  clear  liquid  or  jelly,  is  called  the 
cleavage-cavity  (cavum  segmentarium),  or  the  germ-cavitv 
(Jdastocceloma). 
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FfS.  22. — Germination  of  a  Coral  {Monoxenia  Darwinix)  t  At  Monemla; 
B,  Buront-oell  (Cytula) ;  C,  two  cleaTage-cells ;  D,  foar  cleavage-oells  1 
Mf  l[Q]beiT7.germ  (Morula) ;  F,  the  Germinal  vesicle  (Blastula) ;  G,  Ger. 
mtml  Tesicle  in  section ;  H,  Germinal  veitiole  (inverted)  in  section ;  I, 
Qastmla  in  longitudinal  section;  K,  Gastrulii^  or  Geinu-oup,  seen  from 


In  this  Coral,  as  in  many  other  low  animals,  the  young 
•oiinal-germ  begins  to  move  even  in  this  stage,  and 
nrinuB  about  independently  in  the  water.  A  long,  thin, 
flmad-like  process,  a  whip  or  thong,  grows  out  from  each 
€f  the  cells  of  the  germ-membrane ;  and  these  inde- 
£■  pendently  exert  slow  vibrations,  which  afterwards  be- 
*  «ome  quicker  (Fig.  22,  F),  Each  cell  of  the  germ-membrane 
I  m  thus  transformed  into  a  vibrating  whip-cell.  The  whole 
3  g^bular  germ-vesicle  revolves  or  turns,  and  is  driven  about 
i  in  the  water  by  the  united  force  of  all  these  vibrating  whip- 
processea  In  many  other  animals,  especially  in  those  in 
which  the  germ  is  developed  within  closed  egg-membranes, 
the  vibrating  whip-threads  on  the  cells  of  the  germ-mem- 
biBne  are  not  developed  till  a  later  period,  or,  even,  are  not 
formed  at  aU.  The  germ-vesicle  is  capable  of  growing  and 
extending,  for  the  cells  of  the  germ-membrane  increase  by 
repeated  division,  which  occurs  within  the  surface  of  the 
ball,  and  more  liquid  is  secreted  in  the  centre  cavity. 

A  most  important  and  remarkable  process  now  occurs ; 
Ibis  is  the  inversion  of  the  germ-vesicle  {invaginatio  bias- 
hike,  Fig.  22,  H).  The  ball,  the  wall  of  which  is  cellular, 
eonsisting  of  a  single  layer,  changes  into  a  cup  with  a  two- 
layered  cellular  wall  (Cf  Fig.  22,  0,  H,  /.)  The  outer  sur- 
face of  the  ball  becomes  flattened  at  a  particular  point ;  and 
this  flattening  deepens  into  a  groove.  The  groove  becomes 
deeper  and  deeper,  growing  at  the  expense  of  the  central 
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germ-cavity,  or  cleavage-cavity.  The  latter  decreases  in 
proportion  as  the  former  extends.  At  last  the  central  germ- 
cavity  entirely  disappears,  while  the  inner,  inverted  portion 
of  the  germ-inembrane,  the  wall  of  the  groove,  attaches  itn 
inner  surface  to  the  inner  surface  of  the  outer,  uninvert«l 
portion  of  the  germ-membrane.  At  the  same  time,  the  coIN 
of  the  two  parts  assume  a  different  form  and  size ;  the  inner 
cells  become  rounder  ;  the  outer  become  longer  (Fig.  22,  J) 
The  germ  thus  acquires  the  form  of  a  cup  or  goblel- 
shaped  body,  the  wall  of  which  consists  of  two  different 
cell-layers,  while  the  cavity  in  its  centre  grows  outward  at 
one  end,  at  the  place  where  the  inversion  originated.  This 
highly  important  and  interesting  germ-form  is  called  the 
germ-cup  or  the  intestinal  larva  (GastriUa,  Fig.  22,  /, 
longitudinal  section;  K,  surface  view),"* 

The  Gastrula  seems  to  me  the  most  important 
significant  germ-form  of  the  animal  kingdom.  For  in  all 
true  animals,  the  Protozoa  excepted,  the  egg-cleavage 
results  either  in  a  genuine,  original,  palingenetic  gastmla 
(Fig.  22.  I,  K),  or  in  an  equivalent  kenogenetic  germ- 
form,  which  has  arisen  secondarily  out  of  the  earlier  form, 
and  which  may  be  referred  directly  back  to  that  form. 
1'  is  certainly  a  most  higlily  interesting  and  significant  fact, 
that  animals  of  the  most  diverse  tribes,  Vertebrates.  Soft- 
bodicd  Animals  (MoUuBca),  Articulated  animals  (Arthr»t. 
jxida),  Star-animaJa  (Ecfiim^xierma),  Worms,  and  Plorit- 
animals  {Zoophyta)  develop  from  one  common  germ-form. 
In  most  striking  illustration  of  this,  I  place  side  by  side 
Boveral  genuine  Gastrula  forms,  taken  from  tribes  of  animoh 
(Fig.  23-28,  with  the  description). 

This  extraordinary  importance  of  the  Q&stmU  maka* 
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'  that  we  should   most  carefully  examine  the 
structure  of  its  body.     Ordinarily   it  is   invisible   to   the 
Fie.  2*.  Fio.  25.  Fio.  26.  Ftg.  27. 


riu.  £S. 


Fio.  2& 


Fio.  S3.— (A)  GutmU  of  a  Zoophyle  lOntlrnphjiienia).     (nnerkol.) 

Fio.  2*.— (B)  GmIihU  of  a  Worm  (Sagilia).     (Attor  KowHk'VFky.) 

Fid.  25— (C)  GutraU  of  au  Kchinuderm  (Starflnh,  UratliT).  (Afler 
Aleiuider  AgBuii.) 

Fio.  26.— (D)  GMtralaotaTi  Arthropod  (.V.iiipli««). 

Fio.  27.-(^  Gxtrala  of  a  Uollueu  (Foml-Bimil,  l.i.««.Tu>).  (Aflrr  Knrl 
Rabl.) 

FlQ.  28.— (F)  Gastmla  of  a  Vertebrate  (Laneolet,  Amphioxus).  (After 
KomUeriky.) 

Id  all,  d  indicates  tho  primitive  intPKtinal  mvitv!  0,  the  primitive  moath; 
t,  the  cteaTage-OTitjr ;  i',  the  enloderra,  or  intuBlinul  lajcr ;  e,  the  exodcrtu, 
or  ■kin.Iayer. 
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naked  eye,  or,  at  most,  under  favourable  circumstances, 
is  seen  a^  a  tiny  speck,  usually  ^ — j\j,  or  at  most 
millimetre  in  diameter;  it  is  hardly  ei 
the  body  of  the  Gastrula  is  usually  cup-like ;  sometimes  it 
is  rather  egg-shajied,  sometimes  rather  ellipsoid  or  futtifonn  ; 
in  other  ca.ses  it  is  more  hemispherical,  or  almost  spherical ; 
and  again  in  others,  longer  or  almost  cylindrieaL  The 
geometric  outline  of  the  body  is  highly  chamct«ri6tic 
is  marked  by  a  single  axis  with  two  differing  poh 
axis  is  the  main,  or  longitudinal  axis  of  the  future  anii 
body;  one  pole  is  the  mouth,  or  oral  pole;  the  opptsite 
the  aboral  pole.  This  outline  with  one  axis  distinguishes 
the  Gastrula  very  essentially  from  the  globular  Btastula 
and  Moi'ula,  in  which  all  the  axes  of  the  body  are  similar* 

I  shall  call  the  central  cavity  of  tlie  Gaatrula-b<«ly  the 
primitive  intestine  (•prologaster),  and  it«  opening  the  [jri- 
mitive  month  {jn-oioahnna).  For  this  cavity  is  the 
nutritive,  or  intestinal  cavity  of  the  body,  and  this 
originally  served  to  odiiiil  food  into  the  body.  It  ts 
that  at  a  lat«r  period  the  primitive  intestine  and 
primitive  mouth  apgiear  very  ditferent  in  the  difTc 
tribes  of  animals.  This  is  especially  true  of  Vertel 
in  which  only  the  middle  portion  of  the  later-formed 
teatinal  canal  proceeds  from  the  primitive  intestine 
in  which  the  later  mouth-opening  is  a  formation  entii 
independent  of  the  primitive  mouth,  which  closes.  It 
thorefure,  necessary  to  distinguish  clearly  Iwtweeti 
primitive  mouth  and  intestine  of  the  Oastrula  on  the  ono 
hand,  and  the  later-formed  intestine  and  mouth  of  tlio 
developed  Vertebrate  on  the  other,** 

The  two  cellular  layers  which  mirronnd  the  ca^nty 
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the  primitive  intestine,  an<I  alune  constitute  the  wall  of 
the  latter,  are  of  very  great  significance.  For  these  two 
wliich  alune  constitute  the  whole  body,  ate,  in  fact,  the 
tffo  priniaiy  germ-layers,  or  primitive  germ-layers  (b/oa- 
lopkylta).  Their  fundamental  significance  has  alrewly  been 
pointed  out  in  the  historical  introduction  (Chapter  III.). 
The  outer  cell-layer  is  the  skin-layer,  or  exoderm  (Fig.  29.  e) ; 
the  inner  cell-layer  is  the  intestinal  layer,  or  entoderm 
(Fig.  2y,  c).  The  whole  body  of  all  true  animals  proceeds 
solely  from  those  two  piimary  germ-layers.  The  skin- 
layer  furnishes  the  outer  body-wall ;  the  intestinal  layer 
ibrms  the  inner  wall  of  the  intestine,  and  directly  auiTounds 
tie   intestinal   cavity.     At  a  later  period  a  cavity  forms 


rm.  29.-Th('  Gnitlnilft  nf  n  Clialk  Sfusng^.'  (Olynthm)  :  A.Mtcmsl 
.  in  IfiDgitud trial  ■d.-lioii  IliriiUKli  tli»  turn  ;  t/,  )irimitive  iut^alJi 
U'*iiii»l  MTit^i  1   o.  primitive  mmtli  (priiiiiiife  miioth .open log)  ; 
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tiuKl  iityc^r)  I  t,  tiu  onlar  coIMbjpi  (ihe 
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between  the  two  germ-layera ;  this  cavity,  filled  with  hlot 
or  lymph,  is  the  body-cavity  {cceloma).^ 

The  two  primary  germ-layers,  the  outer  or  serous,  f 
the  inner  or  mucous  layer,  were  first  clearly  dietinguiahec 
in  1817,  by  Pander,  in  the  incubated  Chick  (p.  5X).     Bd 
their  full  significance  was  first  thoroughly  recognized  I 
Baer,  who,  in  hia  "  History  of  Evolution  "  (1828),  gave  tU 
name  of  animal  layer  to  the  outer  layer,  that  of  TegetatiTflil 
layer  to  the  inner.     These  names  are  very  apt,  because  it  is 
the  outer  layer  which  especially  (if  not  exclusively)  gives  rise 
to  the  animal  organs  of  sensation  and  movement,  the  skin, 
the  nerves,  and  the  muscles ;  while,  on  the  other  band,  it  is 
especially  from  the  inner  layer  that  the  vegetative  organ* 
of  nourishment  and  reproduction,  the  intestine  and  bloo<l- 
vessel   system   in   particular,  arise.     Twenty  years  after- 
wards  (in   1849)  Huxley  pointed   out   that  in  many  low 
Piant-animals  (Zoophyta),  such  as  the  Medusje,  the  whole 
body   permanently   consists   only   of    these    two    primary 
germ-layers.     The  outer  of  these  he  called  the  ectoderm,  v^- 
exoderm  ;  the  inner  he  named  the  endoderm,  or  entoder^H 
Recently  Kowalevsky  and  Bay  Lankester  especially  haiVH 
tried   to  show    that   otlier   Invertebrate    animals   of    the 
most  diverse  classes,  in  Worms,  Soft-bodied  Animals  {MuU 
iu*;n),  Star-animals  (£'cAi7ii)d«)-ma),  and  Articulated  animals 
{Arthropoda),  form   from   the   same   two    primary 
layers     Lastly,  I  have  myself  sliown  that  this  ia  the  ( 
al'^o  in  the  lowest  Plant-animals,  Ui  Sponges ;   and  at  I 
same  time  I  tried  to  prove  in  my  Gastraa  Theory  that  tbei 
two  primary  germ-layers  must  be  considered  as  of  the  s 
significance,  or  as  homolc^us,  in  all  cases,  &om  Sponge 
and  Corab  to  Insects  and  Vertebrates,  including  Uon. 
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Ordinarily  the  ceUs  of  the  Gastrula-gemiy  which  com- 
poee  the  two  primary  germ-layers,  already  present  recog- 
nizable differences.  In  most  cases,  if  not  in  all,  the  cells 
of  the  skin-layer,  or  exoderm  (Fig.  29,  e),  are  smaller,  more 
numerous,  and  brighter  coloured ;  on  the  other  hand,  the 
cells  of  the  intestinal  layer,  or  entoderm  (Fig.  29,  i),  are 
larger,  less  numerous,  and  darker.  The  protoplasm  of  the 
exoderm  ceUs  is  clearer  and  firmer  than  the  darker  and 
softer  cell-substance  of  the  entoderm  cells;  the  latter  are 
generally  much  richer  than  the  former  in  fatty  particles. 
The  cells  of  the  intestinal  layer  usually  also  have  a  much 
greater  affinity  for  colouring  matter,  and  take  up  carmine, 
aniline,  and  so  on,  from  solution  much  more  quickly  and 
vigorously  than  do  the  cells  of  the  skin-layer. 

These  physical,  chemical,  and  morphological  differences 
in  the  two  germ-layers  correspond  to  their  physiological  dif- 
ferences, and  are  of  great  interest,  because  in  them  we  see  the 
first  and  earliest  process  of  division  or  differentiation  of  the 
animal  body.  The  germ-membrane  (blastoderma),  which 
forms  the  wall  of  the  globular  germ-vesicle,  or  Blastula 
(Fig.  22,  F,  0),  consisted  solely  of  a  single  layer  of  similar 
cells.  These  ceUs  of  the  germ-membrane,  or  blastoderm,  are 
usually  formed  in  a  very  regular  and  even  way,  and  are  of 
entirely  similar  size,  form,  and  qualities.  Generally  they 
are  flattened  by  pressing  against  each  other,  and  are  often 
uniformly  six-sided.  This  uniformity  of  the  cells  disap- 
pears, at  an  earlier  or  later  period,  during  the  inversion 
(invagiTiatio)  of  the  germ-vesicle.  The  cells,  composing 
the  inverted,  inner  part  of  the  germ-vesicle  (which  after- 
wards form  the  entoderm)  usually  assume,  even  during  the 
process  of  inversion  (Fi^.  22,  H),  a  nature  differing  from 
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that  of  the  celb  which  constitute  the  out«r,  iiiuQvert«d  p 
{tbe  future  exodenn).  When  the  process  is  completed, ) 
histological  differences  in  the  cells  of  tbe  two  priin 
gemi-layers  are  usually  very  strongly  marked  (Fig,  ! 
The  small,  briglit-coloui-ed  cells  of  the  exixlenn  {ej  i 
clearly  distinguishable  fi'om  the  larger,  darker  cells  of  1 
entoderm  (i). 


'opnioary  gena> 


i 


Fio.  30.— CeUi  from  Ihe  m 
Infers  of  8  Hauimal  (from  t 
the  genO'tncnibnuie)  :   t,  the   Urger.  ditrlMt 
cells   of  the  inner  atratum,   the  vef^tal 
^nn-lAyer.oreDtodenai  (,thesiiu1l.  bi 
ctilctircd  delU  of  IIie  onter  itratnui,  tbe 
gortn-Uyer,  or  eiod<M7n. 


At  present  we   have  only  ( 
sidered  that  form  of  egg-cliAvkg«,fl 
germ-layer  and  gastnilatioa.  whidf 
on  many  and  important  grounds  wc  are  justified  in  regard 
ing  as  the  original,  primary,  and  palingcnetic  form.     Wc  c 
this  the  primordial,  or  original,  form  of  egg-cleavage;  i 
the  Gastnila,  resulting  from  this,  we  call  the  Bell-^ 
(Archignjit'ndti).     In  a  form  exactly  similar  to  that  of  o 
Coral  iMunoxf.iiia.  Fig.  22),  we  meet  with  this  Bell-g 
ill  the  lowest  Plant-animals,  in  the  Gastrophysema  (Fig.  j 
also  in   the   simplest  Chalk  Sponges   (OlynlMts,   Fig.  ! 
in  many  Meduste  and  Hydra-polyps;  in  low  Worms  of  d 
fi-rent  classes  {Saj/Uta,  Fig.  24 ;  A»citlia.  Plate  X.  Fig.  1-4]| 
again,  in  many  Star-animals  (EiJiivadei-jnii,  Fig.   g.'i); 
low  Articulated -animals  {Artkropodn,  Fig.  26).  and 
bodied  Animals  {Mollusca,  Fig.  27) ;  lastly,  in  the  lowi 
Vertebrate  {Am^phioxue.  Fig  28;   Plate  X.  Fig.  7-10). 
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Although  the  animala  which  we  have  named  belong  to 
the  most  diverse  classes,  they  all  have  this  in  common 
with  each  other  and  with  many  other  animals,  that,  owing 
to  constant  heredity,  they  have  retained  the  palingenetic 
form  of  egg-cleavage  and  Gastrula-formation,  which  they 
received  from  their  oldest  common  ancestors,  up  to  the  pre- 
sent day.  This  is,  however,  not  true  of  the  large  majority 
of  animals.  On  the  contrary,  in  them  the  original  process 
of  germination  has,  in  the  course  of  many  million  years, 
gradually  changed  in  a  greater  or  less  degree,  and  has 
become  vitiated  owing  to  adaptation  to  new  conditions  of 
evolution.  Both  the  egg-cleavage,  or  segmentation,  and 
the  formation  of  the  Gastrula,  or  gastrulation,  which 
succeeds  the  segmentation,  have  in  consequence  of  this 
acquired  an  aspect  which  is  in  many  ways  different.  In 
the  course  of  time  the  differences  have  even  become  so 
marked  that  the  cleavage  process  of  most  animals  was 
wrongly  interpreted,  and  the  Gastrula  of  these  animals  was 
altogether  unknown.  It  is  only  owing  to  the  extensive 
comparative  researches  which  I  instituted  in  late  years 
among  animals  of  the  most  diverse  classes,  that  I  have  been 
enabled  to  indicate  the  one  common  process  which  under- 
lies those  processes  of  germination,  apparently  so  different, 
and  have  traced  back  all  the  diverse  forms  of  germination 
to  the  one  original  form,  the  form  which  has  already  been 
described.  To  distinguish  them  from  this  primary  palin- 
genetic form  of  germination,  I  shall  call  all  the  secondary 
forms,  vaiying  from  the  primary,  vitiated,  or  kenogenetic 
processea  The  more  or  less  varying  Gastrula-form,  which 
results  from  this  kenogenetic  egg-cleavage,  may  be  called, 
generally,  the  secondary,  modified  Gastrula,  or  JUetagastrula, 
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Among  the  many  and  various  kenogenetic  or  vitJatetJ 
forma  of  egg-cleavage  and  gastriilation.  I  again  distinguish 
three  different  chief  forms :  1.  Unequal  cleavage  (aegmen- 
tatlo  intEqiialis,  Plate  II,  Fig.  7-17) ;  2.  Discoidal  cieavnge 
(sfgrnentalio  discoidalis,  Plate  III.  Fig.  IS-Zi);  and  S. 
Surface  cleavage  (ee.ipnentatio  superfidalia,  Plate  III.  1 
25-30),  Unequal  cleavage  rcsulta  in  a  Hood-gastniU 
(AmpkiffoatT^la,  Plate  II.  Fig.  11  and  17);  discoidalcleavaj 
results  in  a  Diac-gastruia  {Dlscognstrvla,  Plate  III.  Fig.  24)| 
surface  cleavage  results  in  a  Bladdcr-gaatnila  {Perxgastn 
Plate  III.  Fig.  29).  The  last  form  does  not  oocur  amoii| 
Vertebrates,  with  which  we  are  now  specially  concemedl 
it  is,  on  the  contrary,  the  usual  form  among  Articulate 
Animals  (Spiders,  Crabs.  Insects,  etc.).  In  Mammals  i 
Amphibia  the  cleavage  is  unequal,  and  tlie  Gaatrula  ia  | 
Uood-gastrula ;  this  is  equally  true  of  the  Ganoid  fish  t 
the  Round-mouths  (Lampreys  and  Hagfislies).  On  the  othi 
hand,  in  moat  Fishes,  and  in  all  Reptiles  and  Birds,  we  fine 
the  discoid  form  of  cleavage,  and  a  Disc-gastrula.  (0! 
Table  III.) 

As  Man  is  a  true  Mammal,  and  as  human  germinatJoa 
U  entirely  similar  to  that  of  other  Mammals,  the  cleavage 
in  his  case  also  is  unequal,  and  results  in  the  formation  of  a 
liood-gastrula  (Ampkigiintrula,  Plate  11.  Fig.  12-17).    Bui 
it  is  poculiarly  difficult  to  investigate  the  first  incidents  i 
the  egg-cleavage  and  gaati-ulation  of  Mammals.     It  is  t 
that  more  than  thirty  years  ago  the  anatombt  Bischotf,  0 
Munich,  laid  a  foundation  for  this  work  in  two  books,  wbicb^ 
he  published,  on  the  germ-history  of  the  Rabbit  (18*2),  anil  J 
oa  that  of  the  Dog  (184i3) ;  and  that  these  were  afterwai 
followed  by  two  equally  careful  studies  of  the  germin&tii 
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of  the  Guinea-pig  (1852),  and  of  the  Roe-deer  (1854.).  But  it 
was  only  quite  recently  that  Eduard  van  Beneden,  an  emi- 
nent Belgian  zoologist,  was  able,  owing  to  the  elaborated 
methods  of  preparation  of  the  present  day,  to  throw  full 
light  on  the  obscurity  which  surrounded  the  germination  of 
Vertebrates,  and  to  give  a  right  explanation  of  its  details. 
It  still,  however,  remains  so  difficult  to  understand  these 
details,  that  it  is  desirable  to  glance  first  at  the  germination 
of  Amphibia.  In  common  with  Mammals,  these  animals 
exhibit  unequal  cleavage,  and  form  a  Hood-gastrula.  But 
the  details  of  germination  are  simpler  and  more  evident  in 
Amphibia  than  in  Mammals,  and  they  are  more  nearly  akin 
to  the  original,  palingenetic  form  of  germination. 

The  eggs  of  the  common,  tailless  Amphibia,  of  the  Frog 
and  the  Toad,  afford  the  best  and  most  convenient  objects 
for  this  examination.  Masses  of  them  are  easily  obtainable 
in  the  spring  from  all  ponds  and  pools;  and  a  careful 
examination  of  the  eggs  with  a  magnifying  glass  is  suffi- 
cient to  show  at  least  the  external  features  of  the  egg- 
cleavage.  In  order,  however,  to  obtain  a  correct  idea  of  the 
intricate  details  of  the  whole  process,  and  to  imderstand  the 
formation  of  the  germ-layers  and  of  the  gastrula,  the  egg  of 
the  Frog  must  be  carefully  hardened,  and,  the  thinnest 
possible  sections  having  been  cut  with  a  razor  from  the 
hardened  egg,  these  must  be  most  minutely  examined  under 
a  jiowerful  microscope.** 

The  eggs  of  the  Frog  and  of  the  Toad  are  globular  in 
form,  and  have  a  diameter  of  about  two  millimetres ;  tljey 
are  laid  in  great  numbers  in  masses  of  jelly,  which,  in 
the  case  of  the  Frog,  form  thick  lumps,  while  those  of  the 
Toad  fi»nn  long  strings.     When  the  opaque,  brown,  grey, 
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or  black-coloured  egg  is  minutely  examined,  the  uppei 
half  appears  darker  than  the  lower.  In  some  kinds,  the 
centre  of  the  upper  half  is  blacker,  while  the  coiTesponding 
centre  of  the  lower  half  is  of  a  whiter  colour."'  This  ntark» 
a.  distinct  axia  of  the  egg  with  two  ditierent  poles.  In  ordi 
to  give  a  clear  conception  of  the  cleavage  of  this  egg.  it 
best  to  compare  it  to  a  globe,  on  the  surface  of  whi 
(HlfiiBcnt  mendian  and  parallel  circles  are  marked.  For 
the  superficial  boundary  lines  between  the  different  cells, 
which  result  from  repeated  division  of  the  egg-cell,  have 
the  appearance  of  deep  furrows  on  the  surface,  for  whicii 
reason  the  whole  process  has  received  the  name  of  "the 
furrowing"  (i.e.  cleavage).^  But  this  so-called  cleavage, 
which  was  formerly  regarded  with  astonishment  aa  a  very 
wonderful  process,  is,  in  reality,  only  an  ordinary  and  often- 
repeated  division  of  the  cells.  Therefore  the  "  cleavage- 
globules,"  which  result  from  it,  are  really  true  cells,  J 
Unequal  cleavage,  as  we  see  it  in  the  amphibian  egg,  9 
especially  marked  by  the  fact  that  it  begius  at  tlw 
upper,  darker  pole — the  north  pole  of  the  globe,  according  to 
our  simile — and  proceeds  slowly  downwards  towards  the 
lower,  lighter  pole,  the  south  pole  During  the  ^g-cleav- 
age  the  upper,  darker  hemisphere  is  in  advance,  and  its 
cells  divide  more  vigorously  and  quickly  ;  the  cells  of  the 
lower  hemisphere,  therefore,  appear  larger  and  less  numt 
ous."  The  cleavage  of  the  parent-cell  (Fig.  31,  A)  be( 
with  the  formation  of  an  entire  meridian -furrow,  whi( 
starts  at  the  noi*th  pole  and  ends  at  the  south  pule  {B). 
An  houi'  later,  a  second  meridian-furrow  arises  in  the  same 
way,  and  cuts  the  first  at  right  angles  (Fig.  31,  C). 
sphere  of  the  egg  is  thus  divided  into  lour  &iini!ai-  st^iuci 
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!ach  of  these  four  fii-st  cleavage-cells  consbts  of  an  upper, 
arker,  and  of  a  lower,  brighter  half.  A  few  hours  after- 
rarils  a  third  furrow  appears,  perpendicularly  to  the  two 


Fio.  at. — The  clenra^  ol  a  Fran's  oj^  (10  times  colsrgoil)  ;  A,  tho 
Br«at.oe11i  B,  the  two  Rrst  clenvago-cells ;  C,  *  cells;  I>,  8  cells  (* 
nimal  uid  i  TegotntiTo) ;  E,  12  fclla  {8  nnimal  and  i  Tegetative} ;  F, 
6  cells  (8  uiimal  and  8  vegBtntivu) ;  G,  2-1  oolls  (1(1  animnl  and  8  vcrp. 
tlive);  H,  32  cells;  I,  48  eel  la  ;  K,  G-1  colla  ;  L,  S6  cleavage -cc  I  Ix ;  .V, 
60  clearage-cells  (128  uiimal  aod  32  vegetative). 

ormer  (Fig.  31,  D).  Thw  ring-furrow  is  gentTally,  but 
rrongly,  called  the  "  equatorial  furrow ; "  it  lies  north  from 
bo  equator,  and  should,  thorcfon?,  rather  be  compared  to  the 
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northern  tropical  line.    The  spherical  egg  now  oanaistB  of 
8  cells,  4  smaller,  upper,  or  northern^  and  4  laiger,  lower, 
or  southern.    A  meridian-furrow,  starting  from  the  northern 
pole,  now  appears  in  each  of  the  first  four  cells,  each  oi 
which  faUs  into  two  similar  halves,  so  that  8  upper  cells 
lie  on  4  lower  cells  (Fig.  31,  E).    It  is  only  later  that  the 
four  new  meridian  cells  place  themselves  slowly  on  the 
lower  cells,  so  that  the  number  mounts  from  12  to  16  (F). 
Parallel  to  the  first,  horizontal  ring-furrow,  a  new  ring- 
furrow  now  appears,  nearer  the  northern  pole ;  this,  there- 
fore, we  may  compare  to  the  arctic  circle.    The  result  of 
this  is  that  we  find  24  cleavage-cells:   16  upper,  snudler 
and  darker,  and  8  lower,  larger  and  brighter  ((?).     The 
latter,  however,  soon  separate  into  16,  for  a  third  parallel 
circle  appears  in  the  southern  hemisphere ;  there  are,  there- 
fore, 32  cells  in  all  (Fig.  31,  H),     Eight  new  meridian- 
furrows  now  arise  at  the  northern  pole,  and,  first  cutting 
the  upper,  darker,  cellular  circle,  afterwards  intersect  the 
lower,  southern    circle,  and    finally   reach    the    southern 
pole.    We  thus  find  stages  in  which  there  are  successively 
40,  48,   66,  and  finally,  64  cells  (/,  K).    The  inequality 
between  the  two  hemispheres  constantly  becomes  greater. 
While  the  inert  southern  hemisphere,  for  a  long  time,  does 
not  add  to  its  32  cells,  the  vigorous  northern  half  of  the 
globe  furrows  itself  twice  successively,  and  thus  parts  into 
64,  and  then  into  128  cells  (Fig.  31,  L,  M).    In  the  stage 
in  which  we  now  see  the  egg,  there  are,  therefore,  128 
small  cells  on  the  surface  of  the  upper,  darker  half  of  the 
egg-sphere,  and  only  32  cells  in  the  lower,  brighter  half: 
l(iO  cleavage-cells  in  all.     The  inequality  between  the  two 
hemispheres  increases  yet  further ;  and  while  the  northern 
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hemisphere  parts  into  a  very  large  number  of  small  cells, 
the  southern  hemisphere  consists  of  a  much  smaller  number 
of  larger  cells.  Finally,  they  almost  entirely  overgrow 
the  surface  of  the  spherical  egg;  and  it  is  only  at  a  small 
circular  point  in  the  middle  of  the  lower  hemisphere,  at  the 
south  pole,  that  the  inner,  larger,  and  brighter  cells  are 
visible.  This  white  space  at  the  southern  pole  corresponds, 
as  we  shall  presently  see,  to  the  primitive  mouth  of  the 
Gastrula.  The  whole  mass  of  inner,  larger,  and  brighter 
cells  (together  with  this  white  space  at  the  pole)  belongs 
to  the  entoderm,  or  intestinal  layer.  The  outer  envelope  of 
dark,  smaller  cells  forms  the  exoderm,  or  skin-layer. 

The  often  repeated  division  of  the  cells,  which  as 
cleavage  or  aegmentation  is  plainly  traceable  on  the  surface 
of  the  egg-sphere,  is  not  confined  to  this  surface,  but  ex- 
tends to  the  whole  interior  of  the  ball  of  the  egg.  The 
cells  also  segment  in  strata,  which  approximately  corre- 
spond to  concentric  strata  of  the  sphere ;  this  process  ad- 
vances more  quickly  in  the  upper  than  in  the  lower  half. 
A  large  cavity,  filled  with  liquid  forms,  has  in  the  mean 
time  arisen,  in  the  interior  of  the  egg-sphere ;  this  is  the 
cleavage-cavity  (a,  drawings  of  sections  in  Plate  II.  Fig. 
8-11).  The  first  trace  of  this  cavity  makes  its  appearance 
iu  the  middle  of  the  upper  hemisphere,  at  the  point  at 
which  the  three  first  cleavage-planes,  which  are  at  right 
angles  to  one  another,  intersect  (Plate  II.  Fig.  8  s).  During 
the  progresia  of  cleavage,  this  hollow  extends  significantly, 
and  afterwards  assumes  an  almost  hemispherical  form  (Fig. 
32  F;  Plate  II.  Fig.  9  8,  10  s).  The  arched  roof  of  this 
hemispherical  deavage-cavity  is  formed  by  the  smaller, 
darker-coloured  cells  of  the  skin-layer,  or    exoderm   (Fig 


32,  D) ;  on  the  other  hand,  the  flat  floor  of  the  ( 
composed  of  the  larger,  whiter-coloured  cellfl  of  the  inW) 
tinal  layer,  or  etitodenu  (Fig.  32  s). 


Pio.  32-S5. — Fonr  lon^tndinnl  RCtrtioiiB  of  the  EegrnenltMl  egg  of  •  T 
ill  fonr  •nccGBBive  «Ugra  of  cvolatioo.    In  all,  the  letlcn  inillcUc  lh»  m 
pnita :   F,  tlauTage-cavity ;    D,  the  ruor  of  thU  cavity ;    R,  dtnal  h 
tlie  Kerm;  B.  inteatLnnl  half;  P.  the  yclk.|>luK  (white  uire 
lower  pole)  -,   i,  jelk-cella  of  the  cnti'dorDi  (the   glnnd-germ  of  I 
S,  priniitiro    inCeatinal    oa'rilj  iprr'tnyattet,  or  Bnfconi'i  BDtritivc  C 
The  iirimitive  moatli  U  (tlluil  up  bj  ll>e  jelk-pliig  (P)  :  i.  boundx;  b> 
the  primitive  inlestiiid  nvitv  (If)  end  (he  clravkgc-Mitlty  iF)  i  L,  f,  w 
through  the  swollen  circular  lip  or  edfre  oF  Ibe  pHniilivB  montli  (I 
railed  anus  of  Butconi).     The  doltdd  line  betwenn  k  and  V  i 
fiinoer  cimiieotiun  bctwecL  the  yelk-pta^  (J'l  and  the  central  n 
ciills  (i)     In  Fig.  36  the  egg  lina  tnmcd  nnnd  90",  bo  that  tii>  d 
of  Ihc  gena  (R)  if  ftvn  aboTo ;  Iho  inlOHtiaiil  half  (B)  it  nmr  twuad  4{ 
word.     (After  Striker.) 
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A  second  cavity,  narrower  but  larger,  now  arises,  owing 
to  an  inversion  of  the  lower  pole,  and  to  a  separation  in 
the  white  entoderm-cells  next  to  the  cleavage-cavity  (Fig 
32-35,  N).  This  is  the  primitive  intestinal  cavity  or 
stomach-cavity  of  the  Gastrula,  the  Protogaster,  It  was 
first  observed  by  Rusconi  in  the  eggs  of  Amphibia,  and 
is  accordingly  called  Rusconi's  "  nutritive  cavity."  In  the 
longitudinal  section  (Fig.  33)  it  appears  bent  and  sickle- 
shaped,  and  extends  from  the  south  pole  nearly  to  the 
north,  for  it  folds  a  portion  of  the  inner  intestinal  cells 
inward  and  upward — between  the  cleavage-cavity  {F)  and 
the  dorsal  skin  (i2).  The  primitive  intestinal  cavity  is  so 
narrow  at  first  because  the  greater  part  of  it  is  filled  up 
with  the  yelk-cells  of  the  entoderm.  The  latter  also  plug 
up  the  entire  wide  opening  of  the  primitive  mouth,  and 
there  form  the  so-called  yelk-plug,  which  appears  from  the 
outside  as  the  white,  circular  spot  at  the  south  pole  (P). 
Round  this  yelk-plug  the  skin-layer  thickens,  swells,  and 
forms  the  lip  of  the  primitive  mouth  (the  properistoma. 
Fig.  35  k,  hf).  Presently  the  primitive  intestinal  cavity  {N) 
extends  gradually  at  the  cost  of  the  cleavage-cavity  {F)\ 
and,  finally,  the  latter  entirely  disappears.  A  thin  partition 
(Fig.  34,  8)  alone  separates  the  two  cavities.  That  portion 
of  the  germ  in  which  the  primitive  intestinal  cavity  de- 
velops, afterwards  becomes  the  dorsal  surface  (i2).  The 
cleavage-cavity  lies  in  the  anterior,  the  yelk-plug  in  the 
posterior  part  of  the  body.*® 

When  the  primitive  intestine  is  complete,  the  Fiog- 
embryo  has  reached  the  Gastrula  stage  (Plate  II.  Fig.  11). 
But  it  is  evident  that  this  kenogenetic  amphibian  Gastrula 
differs  greatly  from  the  genuine  palingenetic  Gastrula,  which 


THE   EVOLUTION   OF  KAN. 

we  aaw  before  (Fig.  23-29).  In  the  latter,  the  Bell-gaatruU 
(AnAigastrula),  the  body  has  but  one  axis.  The  pnioitivB 
intestiDQ  is  empty,  and  the  opening  of  the  primitive  moutb 
is  wide.  The  skin-layer  and  the  intestinal  layer  consist 
cOiCh  of  a  single  cell  stratiim.  The  two  lie  close  together, 
for  the  cleavage -cavity  has  entirely  disappeared  during  tl 
process  of  unfolding.  The  amphibian  Hood-gaatrula  (A' 
phigastrtda)  is  entirely  different  (Fig.  32-35 ;  Plate  IE 
Fig.  11).  In  this  the  cleavage-cavity  (F)  continues  for  • 
cunsidcrable  time  side  by  side  with  the  primitive  intestinal 
ca^^ty  (X).  Yelk-cells  fill  the  greater  part  of  the  lattery 
and  tliey  also  fill  the  primitive  mouth  (yelk-plug,  P).  Both 
the  intestinal  layer  (z)  and  the  skin-layer  (a)  consist  of 
eeveral  strata  of  cells.  Finally,  the  general  outline  of  the 
entire  Gastrula,  instead  of  having  only  one  axis,  has  three  ; 
for  the  three  axes  which  characterize  the  bilateral  body 
of  the  higher  animals,  are  indicated  by  the  eccentric  ei 
lution  of  the  primitive  intestinal  cavity. 

In  the  evolution  of  the  Hood-gastrula  (Amphigastrula) 
we  are  unable  to  distinguish  sharply  between  the  diiTerent 
epochs,  which,  marked  by  the  mulberry-germ  and  the  gprm- 
vesjcle,  we  saw  followed  each  other  in  the  case  of  the  Bt 
gastrula  (ArdiigastriUa).  The  Morula^tage  (Plate  II. 
9)  is  as  indistinctly  separated  from  the  Blastula-sl 
(Fig,  10),  as  the  latter  ia  from  the  Gastrula  (Fig.  11).  But 
in  spite  of  this,  we  shall  not  have  much  difficulty  in  rctm- 
riiig  the  whole  kenogenetic  or  vitiated  course  of  evolution 
of  this  amphibian  Aiuphigastrula  to  the  genuine,  palin- 
genetic  origin  of  the  Archigastrula  of  the  Amphioxua 

It  is  far  harder  to  do  this  in  the   case  of  Mammals, 
although  the  courae  of  egg-cleavage   and   gastnilatioa  in 
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these  is,  on  the  whole,  very  similar  to  that  of  Amphibia. 
Until  recently  the  growth  of  the  mammalian  embryo  was 
entirely  wrongly  explained ;  and  it  is  only  lately  (1875) 
that  Van  Beneden,  whose  views  we  adopt  here,  pointed  out 
its  real  significanca®  His  studies  were  directed  towards 
the  embryo  of  the  Rabbit,  an  animal  in  connection  with 
which  Bischoff  first  discovered  the  history  of  the  mamma- 
lian germ.  As  the  Rabbit  in  common  with  Man  belongs  to 
the  group  of  disco-placental  Mammals,  as  this  Rodent 
develops  entirely  in  the  same  way  as  does  Man,  and  as  even 
at  a  later  stage  of  evolution  the  embryos  of  Man  and  of  the 
Rabbit  are  hardly  distinguishable  (cf  Plate  VII.  Fig. 
K,  AT),  there  is  not  the  slightest  reason  to  doubt  that  the 
egg-cleavage  and  gastrulation  of  the  two  are  similar. 

When  the  fertilization  of  the  egg  of  the  Rabbit  is  com- 
plete, and  the  elaboration  of  the  parent-kernel  has  trans- 
formed the  Monerula  (Fig.  36)  into  the  parent-cell,  or  cytula 
(Fig.  37),  the  latter  (the  cytula)  separates  into  the  two  first 
cleavage-cells  (Fig.  38).  In  this  process  the  parent-kernel 
first  becomes  fusiform  and  divides  into  two  kernels  (the 
two  first  cleavage-kernels).  These  repel  each  other  and  the 
two  move  apart  After  this  the  protoplasm  of  the  parent- 
cell,  attracted  by  the  two  kernels,  parts  into  two  halves, 
each  of  which  assiimes  a  globular  form.  They  afterwards 
change  from  this  globular  to  an  ellipsoid  form  (Fig.  38). 
These  two  deavage-cells  are  not,  as  was  formerly  believed, 
of  the  same  size  and  significance.  The  one  is  larger, 
brighter,  and  more  transparent  than  the  other.  Again,  the 
smaller  cleavage-cell  takes  a  much  deeper  colour  from  car- 
mine, osmium,  etc.,  than  does  the  larger.  The  two  cells 
thus  already  betray  theii  relations  to  the  two  primitive 


Flo.  sa—Uonorota  of  a  Hammal  (Rabbit).    The  fenHiied  egg.c*n  al 
1(MB  of  the  gciriD-vegicle   is  a  simple  Iwll  ot  protoplasm  (d).    Tbo  c 
e■■vt^lope  of  tliii  ia  turmed  b;  !he  mudiSed  inna  petlneida  (t)  nbd  by  •  m 
Injer  ih),  which  is  deposited  on  tba  ontside  ot  the  tona.    A  lew  »i 
an  still  visible  in  tbis  macona  l&jer  (*). 

Fio.  S?.— ritrcnt-cell,  or  cjlata,  of  a  Mammal  (Rabbit)  ;  i,  pare 
or  niiuleiis;  n,  nncleoluBi  p,  proloplnBoi  ot  the  parent-ivll ;  t, 
tona  ptllueiJa  i  h,  exlemnl  nibatninnRii  envelope  :  t,  sperm-celll. 

Pto.  86.— Common  cement  of  ck-arnge'  in  the  mammaliui  egg  (Rabbill.  j 

Tho  paroot-cell  has  seponitcd  into  tivu  diSeriog  cells !  Iho  bnshttf 
molhpr.oell  of  the  sfcin-Iayw  (»),  and  the  darker,  mother-cell  of  the  ii 
iMtlnal  la^er  (t)  ^  '•  tona  jitlluciJa ;  h,  external  «" 
(,  dead  ipanii-oeM*, 
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germ-layers.  The  brighter  and  harder  cleavage-cell  (Fig. 
38,  e)  is  ihe  mother-cell  of  the  exoderm ;  the  darker  and 
softer  deavage-cell  (Fig.  38,  i)  is  the  mother-cell  of  the 
entoderm.  AJl  the  cells  of  the  outer  germ-layer,  the  skin- 
layer,  are  produced  from  the  exoderm  mother-cell  (Fig. 
38,  e;  Plate  II.  Fig.  13,  e).  In  the  same  way  the  whole  of 
the  cells  of  the  inner  germ-layer,  the  intestinal  layer, 
descend  from  the  entoderm  mother-cell  (Fig.  38,  i;  Plate 
IL  Fig.  13,  i).  This  interesting  relation,  which  we  thus  see 
in  the  mammalian  germ,  is  yet  more  pronounced  in  the 
germs  of  many  lower  animals.  In  many  Worms,  for 
example,  at  the  beginning  of  cleavage,  the  parent-ceU 
parts  into  two  cleavage-cells  of  very  dissimilar  size  and 
chemical  qualities.  In  such  cases  the  mother-cell  of  the 
exoderm  is  often  very  many  times  smaller  than  the  ento- 
derm mother-cell,  which  contains  a  large  store  of  nutritive 
yelk. 

The  two  first  cleavage-cells  of  the  Mammal,  which  are 
to  be  regarded  as  the  mother-cells  of  the  two  primary  germ- 
layers,  now  contemporaneously  separate  into  two  cells  (Fig. 
39;  Plate  IL  Fig.  14).  These  four  cleavage-cells  usually  lie 
in  two  different  planes,  perpendicular  to  each  other ;  more 
rarely  in  one  plane.  The  two  larger  and  brighter  ceUs 
(Fig.  39,  e),  the  descendants  in  the  first  generation  of  the 
exoderm  mother-cell,  if  placed  in  carmine,  colour  much 
more  deeply  than  do  the  two  smaller  and  darker  cells,  the 
descendants  of  the  entoderm  mother-cells  (Fig.  39,  i).  The 
line  which  connects  the  central  points  of  the  two  latter 
deavage-globules  is  usually  perpendicular  to  that  which 
connects  the  central  points  of  the  two  latter.  Presently 
each  of  these  four  cells  again  divides  into  two  similar  cells; 
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we  therefore  find  that  there  are  now  eight  cleavagc-ccll 
the  descendants  in  the  third  generation  of  tlie  parent-* 
(Fig.  40).  Four  larger,  brighter,  and  firmer  cella  lie 
plane;  the  descendants  in  the  second  generation  of  i 
exoderm  mother-cell.  Four  smaller,  darker,  and  softer  eel 
lie  in  a  second  plane,  perpendicular  to  the  fonner;  t 
descendants  in  the  second  generation  of  the  ent< 
mother-cell.  If  we  connect  the  central  points  of  the 
site  cleavago-cells  of  one  plane,  two  and  two,  by  straigl 
lines,  these  Hnes  meet  each  other  at  right  angles.  But  t 
four  connecting  lines  of  the  two  parallel  planen  togcthi 
intersect  at  an  angle  of  forty-five  degrees  (Fig.  40). 


Fio.  39 — Tbo  four  first  clenrBgecplls  of  a  Mamaml  (Kabbitl  : 
CKQ  eTDdcrm-cells  (1»^|(^bii^  brighter);  f,  I  be  two  cntnJi-rm-cella  (nt 
iind  dAi'ker)  ;  e.  lona  pi-tlvrida  ;  h,  [lalcralbuminDua  envelope. 

Frn.  4D.~Eeg  of  Huddi&I  (Itebbit),  with  eight  clmvago-celli :  ' 
rxodcrm.cellii  (larger  und  brighter)  j    i,  tour  eetoileTm-iTclls  (viimller  >i 
ilnrker)  J  z,  iona  prtlvfida ;  h,  ooicr  aJbnminons  eorering. 

Now,    however,    the    eight    eleavage-cella    alter    Uieil 
onginal  position,  and  1o»e  their  globular  form.     One  of  tl 
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four  exoderm-cella  makes  its  way  into  the  middle  of  the 
cell-mass,  and,  txigpt.her  with  its  three  follows,  forms  a  pyia- 
mid  (or  tetrahedron).  The  four  exoderra-cells  arrange 
themselves  in  the  form  of  a  cap  over  the  point  of  this 
pyramid  (Plate  II.  Fig.  15).  This  is  the  beginning  of  a 
germinal  process  which  must  be  regarded  as  a  shortened 
and  vitiated  repetition  of  the  inversion  of  the  germ-mem- 
brane vesicle,  and  which  results  in  the  formation  of  a  Gas- 
trula.  From  this  time  the  further  cleavage  of  the  mam- 
malian egg  adheres  to  a  rhythm  which  is  most  essentially 
similar  to  that  of  the  Frog's  egg.  While  in  the  original 
(or  primordittlj  egg- cleavage,  the  rhythm  advances  in  regular 
geometiical  progression  (2,  4,  8,  16,  32,  Qi,  128,  and  so  on) ; 
in  the  modified  progression  of  the  mammalian  egg,  the 
sequence  of  numbers  is  the  same  as  that  of  the  amphibian 
e^ :  2,  4, 8,  12, 16, 24,  32, 48,  64,  96, 160,  etc.    (Cf  Table  V.) 


Fio.  41.  —  GaitmU  of  a 
Hsmina)  (Atnph  gailruia  of  a 
Babbit),  ID  loDfTiCnd  nal  sect  od 
throDf^h  the  axis  e  oiodorm 
celli  (64  brighter  and  sma  ler) 
i,  entodemi-cella  (32  diirker  and 
larxer)  ;  d,  cential  entoderni 
cella,  fiUiDK  Dp  the  pnm  t  ve  d 
te«t  inal  cavitj  i  n  external  e  lo- 
dcrm-celU,  plaftj^Dfi  the  pr  m 
Uto  moDth-open  dk  (jelk  plaK 
ID  the  "  aniu  of  Rdscod     ) 


This  depends  on  the  fact  that  from  this  time  the  more 
vigorous  exoderm-cells  increase  at  a  riuiclior  rate  than  the 
more  inert  entoderm -cells.  The  latter  always  remain 
behind  the  former,  and  are  overgrown  by  them.     This  pro- 
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cess  in  which  ihe  inner  intestinal  layer  cells  are  overgrown, 
is  really  nothing  but  the  inversion  of  the  vegetative  hemi- 
sphere  into  the  animal  hemisphere  of  the  germ -vesicle ;  ia. 
the  formation  of  a  Gastrula  (Fig.  41).* 

Next,  therefore,  follows  a  stage  in  which  the  mami 
lian  germ  consista  of  12  cleavage-cells;  4  darker  entodenn* 
cells  form  a  three-sided  pyramid  which  is  covered  by  a  cap 
of  12  lighter  exoderm-celb  (Plate  II.  Fig,  15  in  section). 
The  next  stage,  ia  which  there  are  IC  cleavage -cells,  is  seen 
to  consist  of  4  entoderm-cells  in  the  interior,  4  otlier  outer 
and  lower  entoderm-cells;  while  the  8  exoderm-CfUs,  in 
form  of  a  hemispherical  cap,  cover  the  upjwr  half  of 
germ.     This  cap  of  esoderm-cella,  which  increase  in  numl 
from  8  to  16,  continues  to  overgrow  the  inner  cell  mass 
the  8  entoderm-cells,  3,  4,  or  5  lie  in  the  centre  of  the  gei 
and  the  rest  at  the  base  of  the  globular  germ  (Plato 
Fig.  IG).     This  24-celled  stage  ia  followed  by  one  in  wl 
there  are  32,   for  the   8  entoderm-cells  also  double   tb< 
number.     This  is  afterwards  succeeded  by  germ-forms  i| 
which  there  are  48  cleavage-cells  (32  cxoderm  and  16  enl 
derm);  C4  cleavage-cells  (32  skin-layer  and  32  intesti 
layer) ;  96   cleavage-cells  (64  exodcrm  and  32  eotodi 
and  so  on. 

When  the  mammalian  embryo  has  acquired  96  deavi 
cells,  a  stage  which,  in  the  case  of  the  Rabbit,  ta  reftchrd 
ID  about  the  70th  hour  after  fertilization,  the  chanc- 
tcristic  foiTD  of  the  Hood-gastrula  (Ampkiijasfrula) 
plainly  visible  (Fig,  41 ;  c£  Plate  II.  Fig.  17  in  sectjoi 
The  globular  embryo  consists  of  a  central  mass  of  32 
roundish,  dark  granular  entodurm-cells,  which,  by 
preasuro,  are  flattened  multUaterally,  and  which 
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a  dark  brown  colour  when  treated  with  osmic  acid  (Fig. 
41,  {).  This  dark  central  cellular  mass  is  surrounded  by 
a  brighter  globular  membrane,  composed  of  64  smaller  cube- 
shaped  and  finely  granulated  exoderm-cells,  which  lie  side 
by  side  in  a  single  layer,  and  take  up  very  little  colour  from 
osmic  acid  (Fig.  41,  e).  The  exoderm-membrane  is  broken 
only  at  one  single  point,  when  1,  2,  or  3  entoderm-cells 
pierce  to  the  surface.  The  latter  form  the  yelk-plug 
which  entirely  occupies  the  primitive  mouth  of  the  Gastrula 
(o).  The  central  primitive  intestinal  cavity  is  filled  by 
entoderm-cells  (Plate  II.  Fig.  17).  The  single  axis  of  the 
outline  of  the  mammalian  Qastrula  is  thus  clearly  indi- 
cated.^ 

Although  the  unequal  egg-cleavage  and  gastrulation  of 
Mammals  and  Amphibia  present  various  peculiarities,  it 
is  comparatively  easy  to  trace  these  processes  back  to  the 
egg-cleavage  and  gastrulation  of  the  lowest  Yeiiebrate,  the 
Amphioxus,  which  is  entirely  similar  to  the  form  of  cleav- 
age carefully  examined  by  us  in  the  case  of  the  CoraL  (C£ 
Fig.  22  and  28.)  All  these  and  many  other  classes  of 
a^nimft.1fl  agree  in  that,  in  their  egg-cleavage,  the  whole  egg 
parts^  by  repeated  division,  into  a  large  number  of  cells. 
All  such  animal  eggs  have  long  been  called  holoblastic,  a 
name  given  them  by  Remak,  because  in  them  the  cleavage 
into  cells  extends  to  the  whole  ma^s ;  or,  in  other  words^  is 
total  (Plate  II.). 

In  very  many  other  classes  of  animals  this  is,  however, 
not  the  case ;  for  instance,  among  Vertebrates,  in  Birds,  Rep- 
tiles, and  most  Fishes ;  among  Articulated  animals  (Arthro- 
f)oda\  in  Insects,  most  Spiders  and  Crabs;  among  Soft* 
bodied  animals  {Mollvsca),  in  Cephalopods  or  Cuttle-fishea 
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In  all  tLese  ajiimals,  both  the  ripe  egg-cell,  and  the  parent-  } 
cell,  into  which  fertilization  tranafurma  this  egg-cell,  consist  ' 
of  two  quite  distinct  and  separate  parts,  which  are  dlsUi 
giiished  respectively  as  the  formative  yelk  and  the  nutritiTt 
jelk.     The  formative  yelk  {vileUus  formalivua,  or  morpki 
lecithus)  is  the  nucleated  egg-eell,  capable  of  evolution,  which" 
divides  in  the  process  of  cleavage,  and  produces  the  uu- 
moroua  cells  which  constitute  the  embryo.      The  nutritive 
yelk  {y'ltdlvx  nulHtitnis,  or  tropholecithus),  on   the  other 
hand,  is  a  mere  appendage  of  the  true  egg-cell,  and  contains 
hoarded  food-substance  (albumen,  fat,  etc.);  so  that  it  forms 
a  sort  of  atorehouse  for  the  embryo  in  the  course  of  it« 
evolution.      The  emhiyo  absorbs  a  quantity  of  nutritive 
mattei'  from  this  storehouse,  and  finally  entirely  consumes  iL 
Indirectly,  tlierefore,  the  nutritive  yelk  is  of  great  impoii-  | 
ance  in  germination.     Directly,  however,  it  takes  no  share 
in  the  process,  for  it  is  not  concerned  in  the  cleavage,  and 
is   not  cellular.     Sometimes  the  nutritive  yelk  is  sinallcr, 
sometimes  lai^er;  generally  many  times   larger   than   the 
formative  yelk  ;  for  which  reason,  greater  importance  i 
formerly  attached  to  the  nutritive  than  to  the  formalive  J 
yelk.    All  eggs  which  have  this  independent  nutritive  yeUc»  J 
and  of  wliich,  therefore,  only  a  portion  undergoes  clravag^  1 
are  called  meroblastic,  the  name  given  them  by   Remak;' 
their  cleavage  is  incomplete  or  partial  (Plate  IIL), 

It  is  not  easy  correctly  to  apprehend  this  partial  egg- 
cleavage,  and  the  peculiar  form  of  Gastrula  which  results 
from  it;  and  it  was  only  quite  recently  that  comjiaratill 
research  enabled  me  to  remove  this  difficulty,  and  to  retra 
this  konogenetic  form  of  cleavage  and  gastrulation  to  t 
original,  palingenetic  form.     The   sea   eggs  of  one  of  tlie 
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Osseous  Fishes  (Tekostei),  the  evolution  of  which  I  studied 
at  Ajaccio,  in  Corsica,  in  1875,  were  of  the  greatest  service 
to  me  in  this  respect  (Plate  III.  Fig.  18-24).  I  found  these, 
massed  together  in  lumps  of  jelly,  floating  on  the  surface  of 
the  sea ;  and  as  the  tiny  eggs  were  quite  transparent,  I  was 
easily  able  to  watch  each  stage  in  the  evolution  of  the 
genn.™  These  eggs,  probably  those  of  a  cod-fish  of  the 
Gaddoid  family,  but  perhaps  of  a  Cottoid,  are  colourless 
globules,  as  transparent  as  glass,  and  of  rather  more  than  half 
a  millimetre  in  diameter  (OG-t — 06G  mm.).  Within  a  thin, 
structureless  but  firm  egg-membrane  (chorion,  Fig.  42,  c)  lies 

Fia.  42. — Egg  of  an  oceanic  Osseona 
Fiah:  p,  protoplasm  of  the  paraut-cell  i  k, 
kernel  of  parent-cell  i  n,  clear  albuniin- 
oua  ball  of  □utritive  folk ;  /,  fat-globalo 
ol  the  latter ;  c,  external  egg-membranp, 
or  cborion. 

a  lat^e  albuminous  ball,  which 
is  (luite  transparent  and  as  clear 
a.s  water  (n).  At  both  poles  of 
the  axis  of  this  ball  there  is  a 
groove-like  indentation.  In  the  groove  at  the  upper  pole, 
which,  in  the  floating  egg,  is  turned  downwards,  lies  a 
simple,  lentil-shaped  cell,  containing  a  kernel  (Fig.  42,  p). 
In  the  unfertilized  egg,  this  U  the  original  egg-coll ;  after 
fertilization  it  is  the  parent-cell.  In  the  interval  between 
these  two  nucleated  stages  there  is  probably  a  non- 
nucleated  condition,  representing  the  Monerula.  At  the 
opposite  pole  of  the  egg.  in  the  Iciwcr  groove,  lies  a  simple, 
dear  fat-glubule  (/).  Tliis  small  fat-globule  ami  the  large 
albuminous  globule  together  furm  the  nutritive  yelk.     The 
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amiJl  cell  alone  is  the  formative  jelk,  ajid  is  the  only  pan 
concerned  In  the  cleavage  process,  which  does  not  extend 
to  the  nutritive  yelk.™ 

The  cleavage  of  the  parent-cell,  or  the  formative  yelk, 
proceeds  entirely  independently  of  the  nutritive  yelk,  and 
in  cjiiiet,  rcgiilar,  geometric  progression.  (Of.  Plate  IIL  Fig. 
18-24.)  Only  the  formative  yelk,  with  the  contiguoiu 
portion  of  the  nutritive  yelk  (n),  is  represented  in  the 
perpendicular  section  (through  a  meridian-plane) ;  the 
greater  part  of  the  nutritive  yelk  and  the  egg-membrane 
is  therefore  omitted.  The  parent-cell  (Fig.  18),  first  sepa- 
ratcB  into  two  similar  cleavage -cells  (Fig.  19),  By  repeated 
division,  this  gives  rise  to  4,  then  8,  then  16  cells  (Fig.  20). 
By  continued  contemporaneous  division,  32,  and  then  64 
cells  originate  from  these ;  and  so  the  process  goes  on.  All 
these  cleavage-cells  are  alike  in  size  and  diaracter.  At  last 
they  form  a  lentil-shaped  mass  of  closely  layered  cells  (Plato 
111.  Fig.  21).  This  entirely  corresponds  to  the  globular 
mulberry-germ  of  the  primordial  cleavage-proceae  (Morula, 
Plate  11.  Fig,  3),  The  cells  of  this  lentil-shapod  mulberry- 
germ  now  move  off  in  a  peculiar  centrifugal  direction, 
80  that  the  mulberry-germ  changes  into  a  vesicular  germ 
{Blaetula,  Plate  III.  Fig.  22).  The  ordinary  lentil  be- 
comes a  disc,  in  the  shape  of  a  watch-glass,  with  thickened 
edges.  Just  as  a  watch-glass  lies  upon  a  watch,  this  con- 
vex cellular  disc  lies  on  the  upper,  more  slightly  arched, 
pole  surface  of  the  nutritive  yelk.  Meanwhile,  liquid  ha» 
collected  between  the  disc  and  the  surface  of  the  nutritive 
yelk,  BO  that  a  low  circular  cavity  has  been  formed  (Fig.  22,«). 
This  is  the  cleavage-cavity,  and  corresponds  to  the  cleavago- 
cavity  in  the  centre  of  the  pc^ingentic  Blastula  (Plato  U 
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Fig.  4).  The  slightly  arched  floor  of  this  low  cleav^e- 
cavity  is  formed  of  nutritive  yelk  (») ;  the  more  arched  roof 
is  of  Blastula-cells.  In  fiu;t,  the  embi-yonic  Fish  is  now  a 
vesicle  with  an  eccentric  cavity,  a&  was  the  Blastula  of  the 
Frog  (Plate  II.  Fig.  10). 

The  important  process  of  inversion,  resulting  in  gastni- 
lation,  now  takes  place.  In  consequence  of  a  further  re- 
moval, or  wandeiing,  of  the  blastula-cells,  and  of  a  further 
increase  in  their  number,  the  thickened  edges  of  the  cellular 
disc,  which  lie  on  the  nutritive  yelk,  grow  toward  each 
other  in  a  centripetal  direction,  and  toward  the  centre  of 
the  cleavage-cavity  (Fig.  23),  at  which  point  they  Anally 
unite.  The  whole  cell-mass  now  forms  a  small  flat  sac  lying 
on  the  top  of  the  nutritive  yelk.  The  cavity  of  this  sac, 
the  cleavage-cavity,  soon,  however,  disappeara,  because  the 
whole  upper  surface  of  the  lower  wall  of  the  sac  attaches 
itself  closely  to  the  whole  lower  surface  of  the  upper  wall 
(Fig.  24).     This  completes  the  gastrulation  of  this  Fish. 


Flo.  43. — DiTC.gutrnlB  (Diteo-gat- 
trula)  of  BD  OiueoDB  Fish  :  e,  exoderm  ; 
t,  eDtoderm  ;  ir,«woUenedge,orpriDii- 
lire  moutb-edge ;  n,  slbamiaooB  ball 
of  DOtritiTe  yelk ;  /,  fat-globale  witb. 
ID  Ui»  IMter ;  e,  onter  egg-mombrane 
(cborioii) )  d,  boandary  between  ento- 
<1erm  sud  eiodarm  (focmcr  aito  of  tbc 
cleavmge  cavity). 


In  order  to  distinguish  this  third  important  form  of 
Oaatrula  from  the  two  previously  mentioned,  we  will  call  it 
the  Disc-gastrula  {Dinco-gmi rula.  Fig.  +.S).  The  cell-ninsa  of 
this  Oastnils  forms  a  thin,  cireular  disc.    The  lower  concav,- 
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surface  of  this  disc  lies  immediately  on  the  npper,  convex 
surface  of  the  nutritive  yelk  (n).  On  the  other  hand,  the 
outer  surface  of  the  disc  is  convex  as  in  a  Shark.  If  we 
make  a  perpendicular  section  through  a  meridian-plane  d 
the  globe-shaped  egg,  we  shall  find  that  it  is  composed  of 
several  layers  of  cells  (in  this  particular  case  there  are  four) 
(Plate  III.  Fig.  24).  Immediately  above  the  nutritive  yelk 
lies  a  single  layer  of  larger  cells  (Fig.  24t,  i),  which  are 
characterized  by  a  softer,  less  transparent,  and  more  coarsely 
granulated  protoplasm,  and  which  take  up  a  dark  red  colour 
from  carmine.  These  form  the  intestinal  layer,  or  entoderm, 
which  arises  by  the  ingrowth  of  the  edges  of  the  disc 
(infolded  germ-layer).  The  three  outer  layers,  lying  on  top 
of  this  lower  layer,  form  the  skin-layer,  or  exoderm  (Fig.  24',c). 
They  consist  of  smaller  ceUs  which  take  only  a  slight  colour 
from  carmine ;  their  protoplasm  is  firmer,  more  transparent, 
and  more  finely  granulated.  At  the  thickened  edges  of  the 
gastrula,  the  primitive  mouth-edge  {properiatoma),  the 
entoderm,  and  the  exoderm  pass  into  each  other  without 
clear  limits  (Fig  43,  w). 

It  is  evident  that  the  most  important  peculiarities  which 
distinguish  the  Dise-gastrula  from  the  two  typical. Gastrula- 
forms  which  we  before  examined,  are  due  to  the  large  nutri- 
tive yelk.  This  takes  no  part  in  the  cleavage,  and  from  the 
first  occupies  the  whole  primitive  intestinal  cavity,  while  at 
the  same  time  it  extends  far  beyond  the  mouth-opening  of 
the  latter.  If  we  imagine  the  original  Bell-gastrula  {Archi' 
grtstrida,  Fig.  23-29)  attempting  to  swallow  a  globe  of 
nutritive  matter  far  larger  than  itself,  in  the  attempt  the 
Gastnila  will  be  spread  out  in  the  form  of  a  disc  on  the 
nutritive  matter,  much  in  the  same  way  as  in  the  Disc- 
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{fasirula  {Disco-gastrula,  Fig.  43).  We  may  therefore  infer 
that  the  latter  is  directly,  or  throiigh  the  intermediate  stage 
of  the  Hood-gastrula,  descended  from  the  original  Bell- 
gasirula.  It  arose  phylogenetically  owing  to  the  fact  that 
a  store  of  nutritive  matter  collected  at  one  pole  of  the  egg, 
and  thus  formed  a  nutritive  yelk  distinct  from  the  forma- 
tive yelk.  Tet,  notwithstanding  this,  the  Qastrula  in  this, 
as  Id  the  former  cases,  was  originated  by  an  inversion  or 
invagination  of  the  Blastula.  We  may,  therefore,  also  refer 
this  kenogenetic  form  of  discoidal  cleavage  (aegmentatio 
discaidulis)  to  the  oiiginal  and  palingenetic  form. 

Although  it  is  thus  tolerably  easy  and  safe  to  trace  back 
the  descent  of' the  small  egg  of  this  oceanic  Osseous  Fish,  yet, 
on  the  other  hand,  it  seems  hard  to  do  this  with  certainty 
in  the  case  of  larger  eggs,  such  as  occur  in  the  case  of  most 
other  Fisheft,  and  in  the  case  of  all  Reptiles  and  Birds.  In 
the  first  place,  the  nutritive  yelk  of  these  is  quite  dispro- 
portionately large;  so  large,  indeed,  that  it  almost  causes 
the  formative  yelk  to  disappear.  And,  in  the  second  place, 
the  nutritive  yelk  contains  a  number  of  variously  formed 
constituent  parts,  which  are  known  as  the  yelk-granules, 
yelk-globules,  yelk-vesicles,  and  so  on.  These  definite  yelk- 
elements  have  often  even  been  explained  as  tnie  cells, 
and  it  has  been  quite  wrongly  assumed  that  a  portion 
of  the  body  of  the  embryo  is  found  in  them.^*  This 
is  by  no  means  the  casa  The  nutritive  yelk,  what- 
ever its  size,  always  remains  a  lifeless  store  of  nutritive 
matter,  which,  in  the  process  of  germination,  is  taken  into 
the  intestine  during  its  development,  and  is  consumed  by 
the  embryo.  The  latter  develops  solely  from  the  living 
formative  yelk,  from  the  parent-cell.     This  is  equally  true 
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of  thif  small  Oaseous-fish  which  we  havfl  been  ex&Tnining 
and  of  the  huge  eggs  of  the  Primitive  Fisboa  (SdacUi),  of 
Reptiles,  and  of  Birds. 

The  egg  of  the  Bird  ia  specially  important  to  us,  for 
most  of  the  important  researches  into  the  evolutioD  of 
Vertebrates  have  been  founded  on  study  of  incubated  liens 
eggs.  It  b  much  harder  to  procure  and  to  examine  mam- 
malian eggs ;  for  which  very  practical  and  incidental  reason 
the  latter  has  been  more  rarely  accurately  studied.  Oo 
the  other  hand,  hen's  e^a  can  always  be  obtained  in 
any  quantity,  and  artificial  hatching  enables  us  accurately 
to  follow  every  stage  in  the  changes  undergone  by  tlit 
embryo  in  the  course  of  its  evolution.  As  we  have  seen. 
the  chief  difference  which  distinguishes  the  egg  of  the 
Bird  from  the  minute  egg  of  the  Mammal  is  the  very  con- 
siderable size  of  the  former,  winch  is  due  to  the  accumu1s> 
tion  of  a  very  large  mass  of  fatty  nutritive  yelk.  This  i* 
the  yellow  mass  which,  daily  consumed  under  the  name  at 
yelk  of  egg,  ia  collected  within  the  original  yelk  or  proto- 
plasm of  the  egg-celL  In  order  to  obtain  a  correct  cod- 
ception  of  the  Bird's  egg,  the  nature  of  which  baa  very 
frequently  been  miarepresented,  we  must  search  for  it  in 
its  earliest  condition,  and  fellow  it^  evolution  from  iU 
beginning  in  the  ovary.  In  this  stage,  we  find  that  tb*^ 
original  e^  is  a  very  small,  naked,  and  simple  cell 
a  nucleus,  and  that  it  differs  neither  in  size  or  i 
from  the  original  egg-cell  of  Mammalia  and  other  anii 
(Of.  Fig.  10  E.  p.  134.)  As  in  all  Skulled-animala  {Oraniota} 
the  original  egg-cell  or  primitive  egg  {jiTotovum,)  is  ooni- 
pletely  covered  by  a  continuous  layer  of  smaller  culls, 
though  by  an  epithelium.     This  akin-coat,  or  epitheli' 
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the  so-caUe<l  Graafian  follicle ;  imme<1iately  under  this  the 
Btructureless  yelk-membiune  ia  secreted  by  the  egg-yelk. 

At  a  very  early  period  the  small  protovum  of  tho  Bird 
begins  to  imbibe  a  maas  of  food-substance  through  the 
yelk-membraae,  and^to  elaborate  thia  matter  into  the  so- 
called  "  yellow  yelk,"  The  protovum  is  thus  transformed 
into  the  metomvm  (after-egg),  which  is  many  times  larger 
than  the  protovum,  bat  which,  nevertheless,  is  only  a  single, 
enormously  enlarged  coll.^  The  accumulation  of  the  large 
yellow-yelk  mass  within  the  ball  of  protoplasm  forces  the 
kernel  (^vemcula  geiininativa),  which  is  contained  in  the 
latter,  quite  to  the  upper  surface  of  the  yelk-mass.  Hero 
the  kernel  (oemcula  germinativd)  is  surrounded  by  a  small 
quantity  of  protoplasm ;  and  these  two  together  form  the 
lentil-ithaped  "  formative  yelk  "  (Fig.  4+,  h).  This  appears 
OD  the  outside  of  the  yellow  yelk-mass,  at  a  particular 
point  of  the  upper  surface,  in  the  form  of  a  small,  white, 
circular  point;   the  so-called  "tread,"  or   cicatricula.      A 


Fta.  44. — A  inature  egK>coU  from  the 
0TU7  of  a  Hen  (in  MCtion).  The  yellow 
BBtrilJTe  ;e1k  ia  couipoied  of  concentrio 
lftj«n  (f),  snd  JB  BDrroDuded  by  a  thin  jelk- 
meDibraoe(a).  Theccll-komcHrMi'-iilagninb 
«a(ini),  together  with  the  protoplMni  of  the  . 
•gg-eell,  fomii  the  fonnatiTo  jclk  (b).  or  the 
tread.  The  white  yelk  (here  reprcrented  aa 
blKk)  ixMiM  from  the  tread  to  the  yolk- 
«»»ity  (d*).  The  two  kinds  of  yelk  are, 
lK>weT«r,  not  sharply  distinguUhcd. 


thr«ad-Hhe  cord  of  white  nutritive  ytlk  (-/).  which  contains 
no  particles  of  yellow  yelk,  and  U  softer  than  the  yellow 
nutritive    yelk,  passes    fi-om   the    tread    directly    to    tho 
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centre  of  the  yellow  yclk-maas,  and  there  forms 
central  ball  of  white  yelk  (Fig.  U,  d).    The  whole 
this  white  yelk  is,  however,  not  sharply  divided  fi-om  tl 
yellow  yelk,  which  in  hardened  eggs  shows  a  slight  trace 
of  concentric  stratification   (Fig.  44,  ^     Just   as   in  Uiia 
globular  egg  in  the  ovary,  so  also  in  the  ben's  egg  after 
it  Las  been  laid;   when  the  egg-shell  is  opened  and 
yelk  taken  out,  a   small,   circular,   white  disc  is  seeo 
the  upper  surface  of  the  latter.     This  disc  represents  the 
cicatricala,  or  tread.     This  small  white  germ-disc  is,  hoW' 
ever,   far  advanced   in   development,  and   is,   in   fact,  tbe 
Gastrula   of  the   hen.     The   body   of  the   latter   pi 
entirely  from  this  Gastrula.     The  whole  mass  of  whit« 
yellow  yelk  is  entirely  without  share  in  the  formatiun  of 
Chick,  for  it  is  only  used  up  as  nutritive  matter  and 
aumed  as  food  by  the  embryo  in  the  course  of  its  ovolutic 
The  transparent,  tough,  and  voluminous  mass  of  album* 
surrounding  the  yellow  yelk  of  tlie  Bird's  egg,  and  the  liaid 
chalky  shell  of  the  egg,  are  formed  round  the  egg,  in  tlM 
oviduct,  after  it  is  already  fertilized. 

After  the  fertilization  of  the  egg  within  the  body  of 
parent  Bird  is   complete,   the   germ-vesicle  {veatcula 
■minativa)  probably,  as  in  other  cases,  first  disappears ; 
the    reconstruction   of  a   kernel   results   in    a    parent 
{cytula).    This   lentil-shaped  parent-cell  now  undergoes 
dlscoidal  cleavage  (segmentalio  discoidalh,  Fig.  45)  en( 
similar  to  that  of  the  egg  of  the  Fish  (Pkt«  IIL  Pig.  18-*^ 
Two  similar  cleavage-cella  (A)  first  arise  from  the  pai 
cell     These  part  into  4  {B).  into  8,  10  (C).  32.  6t  cells. 
BO  on.    As  before,  the  division  of  the  kernel  always  pi 
the  division  of  the  cells.     Tlie  planes  of  division  betweco 
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F  the  eIe»vt^e^»Us  appear  at  the  free  surface  of  the  "  tread  " 

"  fuiTowa."     Tte  two  firat  furrows  are  at  right  augles 

t>  each  other,  in  the  foiiii  of  a  cross  (B).     Two  new  furrows 

I  then  originate,  whicli  cut  thu  former  two  at  an  angle  of  45^. 

t  The  treail,  which  is  Ranging  into  the  germ-disc,  now  foi'iiis 


Fio.  45. — Dinooidal  clenimgi'  of  a  Binl'«  ee^  (d  ■« 
lino*  wilnrgiMl).  Onlj  the  fnrmatire  yelk  (ihe  tre«d  or  n  n  la  i  iff  rp 
MntKl  In  thoao  fi  flgnraa  {A-K),  Immuiw  it  alone  ia  nlleutwl  by  I'IpBvagp. 
Tbe  DiDflh  InrRi-r  natritiri?  yolk,  whicb  does  nol  nhnre  in  the  cloavngv,  ia 
noittlm),  ami  odIj  indioxteil  by  the  iliirki  imler  rinK'  A.  Tbe  fint  (on'nvT 
t^BUHtM  th«  par»nt>cell  iiit»  twu  pnrla.  R.  ThsHe  twu  Aral  cIraTnge-wlla 
■tv  p»rted  by  tt  kcouiI  tnnnw  (pcrpeiidiculiir  In  the  flrkl)  iiiti)  four  wIIk. 
(',  18  oollii  haw  originuted  from  the  -1  clett»wrr-wl1(,  owing  to  the  r«ct  Ihnt 
bvtwovii  tlin  Hnt  twu  biwwtins  f\irruwi>,  tiru  itthtr,  rndinl  fiirrtnra  hnro 
■[■IHtuvd,  Rn'l  that  llio  cnnlrul  portiou*  of  Ilineo  8  mdiitl  w<iri'ientii  by 
a  furmw  rniuiinR  fonnil  tho  centric.  D.  A  etngv  with  10  mdinl  fiirniws  and 
•luni  i  (loncctitrio  rinft-farroira.  S  A  ntsge  with  fSI  ruIluI  farrowi  and 
■tciat  0  riiiit  furniws,  t',  'I'lie  whnlu  tmad  Iuih  buuu  bnilcHii  up  Inio  a  hvap 
of  (mail  okIU  by  Ihn  further  f»r>n-tt ion  iif  nvlial  and  ritig:  furrowii ;  tho  whulo 
now  forma  tfa«  lontil-ihnpfd  mulbcrry-B-rm  (Miru/o).  The  septtration  of 
ik*  k(Tn«l  alwM/a  pniccidei)  tbv  fonuiithju  uf  lli'-  furruwn. 
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an  eight-rayed  star,  A  circular  furrow  now  forms  round 
tlie  centre,  so  that  the  8  three-cornered  cleavage-cuUt 
become  16,  of  which  8  He  in  the  middle,  surrounded  hj 
8  others  (C).  After  this,  new  furrows,  some  circular  and 
others  radiating  from  the  central  point,  succfod  each  otliei 
more  or  less  irregulai-ly  {D,E).  Finally  this  eleava^. 
proeesa,  like  the  others,  results  in  the  formation  of  small 
cells  of  hke  character.™  In  this  case  also,  the  cleavage- 
cells  form  a  circular  lentil-shaped  disc,  which  represents  tlie 
mulberry -germ,  and  hes  embedded  in  a  slight  deepening  in 
the  white  yelk  (Fig.  46,  in  perpendicular  section).  The 
Morula  in  the  case  of  the  Hen's  egg  is,  however,  thinner  ami 
flatter  than  that  of  the  egg  of  the  Osseous  Fish  (Plato  III 
Fig.  21). 

In  the  Hen's  egg,  just  as  in  that  of  the  Oaseoua  Fish,  m 
kenogenetic  germ-vesicle,  or  Blastula,  now  arises  (Fig.  47). 
The  cleav^e-cells  of  the  Morula  increase  in  number  and 
move  away  from  the  nutritive-yelk,  so  tliat  a  disc,  in 
the  form  of  a  watch-glass,  with  thickened  edges  {yJ),  is 
again  formed ;  and  a  cleavage-cavity  (s)  is  formed  betw 
this  germ-membrane  {Blastoderma,  Fig,  47,  fc)  and  tlw- 
nutritive  yelk.  After  this  the  thickened,  swollen  edge 
turns  inward,  and  a  simple  layer  of  larger,  darker-coloured 
cells  grows  from  the  edge,  centripetally  towards  the  middle 
of  the  cleavage-cavity  (Fig-  48).  The  meeting  of  these 
•edges  at  a  central  point  gives  rise  to  the  intestinal  layer, 
entoderm  (Fig,  48,  i).  This  attaches  itself  immediately 
the  roof  of  the  cleavage-cavity,  the  coUs  of  which  form 
skin-layer,  or  exoderm  (Fig.  49,  i).  This  completes 
Gastrula  of  the  Chick,  a  flatly  extended,  disc-shaped  Os^ 
trula  {piscogaslrvla),  resembling  that  of  the  Osseous  Fisb 
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(Plate  ni  Fig.  24).  While,  however,  in  the  latter  case  the 
nutritive  yelk  is  attached  directly  to  the  lower  surface  of 
the  entoderm,  filling  the  whole  primitive  intestinal  cavity, 
a  low  germ-cavity  remains  between  the  entoderm  and  the 
nutritive  yelk  in  the  Disc-gastrula  of  the  Chick ;  this  is  a 
part  of  the  primitive  intestinal  cavity  (Fig.  49,  d),  and  must 
not  be  confused  with  the  cleavage-cavity  (Fig.  47,  «,  48,  «). 
The  latter  lies  between  the  nutritive  yelk  and  the  blasto- 
derm, the  former  between  the  nutritive  yelk  and  the  ento- 
derm. The  inversion  (invagination)  of  the  Gastrula  is 
complete  when  the  primitive  intestinal  cavity  has  taken 
the  place  of  the  cleavage-cavity,  the  entoderm  at  the  same 
time  attaching  its  inner  surface  to  the  inner  surface  of  the 
exoderm. 

The  germrdisc  (Blastodiscus),  which  in  an  unincubated, 
freshly-laid  Hen's  egg  lies  at  the  tread,  or  cicatricula,  is 
thus  already  a  complete  Disc-gastrula  (Discogastrula,  Fig. 
49).  It  is  plainly  visible  to  the  naked  eye,  and  appears 
like  a  small,  circular,  white  spot,  4-5  mm.  in  diameter,  in 
the  middle  of  the  upper  surface  of  the  yellow  yelk-mass. 
It  is  separated  fix)m  the  latter  by  the  primitive  intestinal 
cavity,  and  its  thickened  edges  alone  touch  the  latter.  It 
is  possible  to  lift  up  the  entire  Qastrula.  The  two  primary 
germ-layers  are  plainly  visible  in  the  perpendicular  section ; 
an  upper  or  outer  layer  of  smaller,  brighter  cells  forming 
the  skin-layer  (exoderm.  Fig.  49,  e) ;  and  a  lower  or  inner 
layer  of  larger,  darker  cells  forming  the  intestinal  layer 
(entoderm,  Fig.  49  t).''* 

In  order  to  complete  our  survey  of  the  important  pro- 
cesses of  egg-deavage  and  gastrulation,  we  will  now  finally 
glance  quickly  at  the  fourth  type-form  of  these  processes 
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tiuperticial  cleavage  (seg mental io  euperficialis,  Plate  III. 
Fig.  25-30).  Tliis  form  is  entirely  unrepresente*!  among 
Vertebrates.     It,  however,  plays  the  most  important  part 
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in  the  very  extensive  articulated  tribe  (AHhropoda),  in 
Insects,  Spiders,  Centipedes,  and  Crabs.  The  Oastrula 
which  results  from  this  form  of  cleavage  is  the  Bladder- 
gastrola  (Peri-gaatrvla,  Plate  III.  Fig.  29). 

In  ^gs  which  undergo  this  superficial  cleavage,  just  as 
in  the  eggs  which  have  been  mentioned,  those  of  Birds, 
Reptiles,  Fishes,  and  other  animals,  the  formative  yelk  is 
quite  distinct  from  the  nutritive ;  and  the  former  is  alone 
concerned  in  the  cleavage,  which  does  not  touch  the  latter. 
But  while  in  those  eggs,  the  cleavage  of  which  is  discoidal, 
the  formative  yelk  is  eccentric,  and  lies  at  one  pole  of  the 
single  axis  of  the  egg,  while  the  nutritive-yelk  is  massed 
together  at  the  other  pole ;  in  those  eggs,  on  the  contrary, 
which  undergo  a  superficial  cleavage,  we  find  that  the 
formative  yelk  is  spread  over  the  whole  surface  of  the  egg, 
surrounding  the  nutritive  yelk  in  the  form  of  a  bladder, 
which  is  central,  and  situated  in  the  middle  of  the  egg. 
The  cleavage,  as  it  affects  only  the  former,  not  the  latter, 
is  naturally  entirely  superficial;  the  provision,  which  is 
massed  in  the  centre,  is  entirely  untouched  by  it.  Other- 
wise, this  superficial  cleavage  proceeds  quite  regularly,  like 
the  original  cleavage,  in  geometrical  progressioa  (Plate 
III.  Fig.  25-30  represents  several  stages  of  this  process  in 
;>erpendicular  meridian  section  through  the  ellipsoid  egg  of 
a  Crab,  Penevs.)  The  parent-cell,  or  cytula  (Plate  111. 
Fig.  25),  first  parts  into  two  similar  ceUs ;  from  these,  by 
repeated  simultaneous  division,  arise  first  4?  (Fig.  26),  then 
8,  then  16  (Fig.  27),  64,  128,  and  so  on.  Finally,  tlie  whole 
formative  yelk  parts  into  numerous,  small,  similar  cells, 
which  lie  siide  by  side  in  a  single  layer  over  the  whulo 
surface  of  the  egg,  forming  a  superficial  genu  membrane 
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{Biastoderwi,  Fig.  28,  t),  TliIs  gcrm-mcmlimne  u  a  simple, 
completely  closed  vesicle,  the  space  within  being  wholly 
filled  with  nutritive  yelk.  The  chemical  quality  of  the 
contents  of  this  true  germ-vesicle,  or  Biai>tula.  (Fig.  28) 
alone  distinguishes  it  from  the  Blastula  of  the  primonllal 
cleavage-process  (Plate  II.  Fig.  4).  Tlie  latter  contains 
water,  or  jelly  as  transparent  as  water;  the  formeo"  con- 
tains a  dense  mixture  of  alhuminous  and  fatty  substanccfl, 
in  which  there  is  much  nutritive  matter.  As  this  extensive 
nutritive  yelk  occupies  the  centre  of  the  egg  from  the  very 
beginning  of  the  cleavage,  there  is  naturally  no  difference  in 
this  case  between  the  mulherty-gcrm  and  the  vesicular 
germ. 

When  the  germ-vesicle  (Fig.  28)  is  quit©  complete,  ti 
important  process  of  inversion  {invoffinatio),  which  prodooi 
the  Gastruia,  follows  (Fig.  29).  A  circular,  groove-lik( 
deepening  first  arises  at  a  point  on  the  surface,  and  i 
enlarges  into  a  cavity,  the  primitive  intestinal  cavity  ( 
the  Gastruia  (Fig.  29,  d) ;  the  point  at  which  the  invorsia 
takes  place  forming  the  primitive  mouth  of  this  cavity  (oH 
The  inverted  portion  of  the  germ-membrane,  the  cells  i 
which  enlai^  and  assume  a  slender  cylindrical  form,  consli 
tutes  the  intestinal  layer  and  surrounds  the  cavity  of  t 
primitive  intestine.  The  superficial,  iminverted  portion  ( 
the  germ-membrane  forms  the  skin-layer;  the  celb  of  tht», 
owing  to  continual  self-diviaion,  become  smaller  and  more 
flattened.  The  space  between  the  skln-Iayer  and  the  intes* 
tinal  layer  (the  remnant  of  the  cJeavage-cavity)  continual 
full  of  nutritive  yelk,  which  is  now  gradually  consumet 
This  is  the  only  essential  point  in  which  the  Bladdal 
gastruia  {Pen-gaslrida,   Fig.   29)  differs  from  the  origim 
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form,  that  of  the  Bell-gastrula  (Arcki-gaatrula,  Fig.  6).  It 
is  evident  that  the  former  has  gradually  originated  from  the 
latter,  in  the  course  of  a  long  period  of  time,  by  the  accu- 
mulation of  nutritive-yelk  in  the  centre  of  the  egg.^^ 

The  &uct  that  we  have  been  thus  enabled  to  retrace  all 
the  numerous  and  multiform  phenomena  in  the  germination 
of  different  animals  to  these  four  type-forms  of  egg-cleavage 
and  gastrulation,  may  be  regarded  as  an  advance  of  the 
widest  significanca  Of  these  four  type-forms  we  have  been 
able  to  declare  that  one  is  the  original,  palingenetic  form, 
and  that  the  other  three  are  kenogenetic  forms  descended 
from  the  first.  The  unequal,  discoidal,  and  the  superficial 
forms  of  cleavage  have  evidently  all  originated,  in  conse- 
quence of  secondary  adaptation,  from  the  primary,  original 
cleavage ;  and  we  must  consider  that  the  most  important 
cause  of  their  origin  was  the  gradual  formation  of  a  nutri- 
tive-yelk, and  the  distinction,  which  is  always  appearing  in 
an  earlier  stage,  between  the  animal  aid  the  vegetative 
parts  of  the  egg,  between  the  skin-layer  and  the  intestinal 
layer.  The  inter-relation  of  the  four  cleavage-forms,  with 
regard  to  the  ordinary  distinction  between  total  and  partial 
^;g-cleavage  is  as  follows : — 

L  Palingenetio     (I.  Original    oloayage     (Bell-'\ 

oleaTage.         j         gastrala).  |  A.  Total  oleavage  (with- 


n.  Ke^ogenetio 

(modified  by 

adaptation) 

eleafaga. 


V         out  any  independent 
nntritiye  yelk). 


/2.  Unequal   cleavage    (Hood-  nntritiye  yelk) 

gastrnia).  j 

8.  Discoidal    oleayage    (Diso-^ 

gastrnia).  I  B.  Pai-tial  oleayage  (with 

r  an  independent  nn- 
4.  Superficial  oleayage  (Blad-  tritiye  yelk). 

der.gastrnla).  ) 


The  lowest  known  intestinal  animals  {Metazoa\  that  is  to 
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Bay,  the  low  Flant^animals  {Spongea,  simplest  Polyps,  etc). 
remain  throughout  their  life  etationary  in  a  Btructur&l  stage 
which  differs  very  little  from  tLe  Gaatrula;  their  whole  body 
being  composed  of  only  two  cell-strata  or  layere.  This  (act  is 
of  the  very  greatest  significance.  For  we  see  that  Man,  and 
indeed  all  Veilebrates,  pass  quickly  tlirough  a  trao^itoiy 
two-layered  structural  stage,  which  is  persistently  retained 
tliiougliout  life  by  these  lowest  Plant-animals.  By  now 
again  applying  our  first  principle  of  Biogeny.  we 
mediately  obtain  the  following  very  important  conclusiusi 
Man  ami  all  tftose  other  animals,  whicli  in  tJie  first  staijea 
the'iT  individual  evolution  pasB  throvgk  a  Iwo-laytred  gtruc- 
turaj  stage  or  a  Gaatrula-form,  must  have  descended  from  a 
piiTiusval,  simple  parent-form,  the  whole  body  of  vhich 
consisted  throughout  life,  as  now  in  the  ease  of  the  lowest 
Plant-animals,  only  of  two  different  cell-strata  or  germ.' 
layers.  To  this  most  important  primieval  parent-funn, 
which  we  shall  pftsently  refer  in  detail,  we  will  now  pi 
visiunally  give  the  name  of  the  Gafitrtea  (i.e.  primitive 
tinal  animal).^ 

According  to  the  Gastrsea  theory,  there  is  in  all  anii 
one  organ  which  is  originally  of  the  same  morphulogii 
and  physiological  significance;  this  is  the  primitive  intes- 
tine ;  the  two  primary  germ-laj-ers,  which  form  the  wall  of 
this  intestine,  must  therefore  in  all  cas^  be  regarded  as  also 
of  tlie  same  significance,  or  as  "  homologous."  Tliis  import* 
ant  "  homology  of  the  two  primary  germ-layers  "  is,  on  tin 
one  hand,  demonstrated  by  the  fact  that  the  Gastrula  in  aBj 
cases  originates  in  one  way,  that  is,  by  the  inversion  (iiM 
vagination)  of  the  Blastula;  and,  on  the  other  hand,  by  the" 
fact  that  in  all  cases  tlic  same   fundamental   organs  arJM 
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firom  the  two  germ-layers.  The  outer  or  animal  germ-layer, 
the  skin-layer,  or  exoderm,  always  forms  the  outer  body- 
wall  with  the  most  important  organs  of  animal  life ;  the 
skin-covering,  nerve-system,  organs  of  the  senses,  etc.  On 
the  other  hand,  the  inner  or  vegetative  germ-layer,  the  in- 
testinal layer,  or  entoderm,  gives  rise  to  the  inner  intestinal 
wall  with  the  most  important  organs  of  vegetative  life ;  the 
organs  of  nutrition,  of  digestion,  those  which  form  the  blood, 
etc. 

In  these  low  Plant-animals,  especially  in  Sponges, 
the  whole  body  of  which  remains  permanently  stationary 
in  the  same  structural  stage,  these  two  functional  groups 
(the  animal  and  the  vegetative  acts)  also  continue  strictly 
distributed  between  the  two  simple,  primary  germ-layers. 
Throughout  life  the  outer  or  animal  germ-layer  retains  the 
simple  significance  of  a  covering  (an  outer  skin),  and,  at 
the  same  time,  accomplishes  the  movements  and  sensations 
of  the  body.  On  the  other  hand,  the  inner  cell-stratum, 
or  the  vegetative  germ-layer,  always  retains  the  simple 
significance  of  an  intestinal  epithelium,  a  nutritive  in- 
testinal cell-stratum,  and  in  addition  to  this  appears  only 
to  produce  the  reproductive  cells.*^ 

In  all  other  animals,  and  especially  m  all  Vertebraten, 
the  Gastrula  appears  only  as  a  very  transitory  germ-stage. 
The  two-layered  stage  of  their  germ-rudiment  changes 
quickly,  first  into  a  three-layered,  and  then  into  a  four- 
layored  stage.  On  the  completion  of  the  germ-layers,  which 
Jie  one  over  the  other,  we  have  again  provisionally  attained 
a  fixed  and  definite  point  of  view ;  and  one  from  which  we 
may  trace  and  explain  the  incidents  in  the  construction, 
which  are  much  more  obscure  and  intricate.     Trustworthy 
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researches   by   many  observers,   embracing   the 
of  tlie  most  diverse  higher  aoimals.  have  now  establiBhed 
the   important  fact   that   the    genn  in  a  certain  stage 
composed  of  foor  secondary  germ-layers.     It  is  most  im- 
portant to  notice  that  this  is  quit«  as  true  of  Man  as  of 
other  Mammals. 

In  many  cases  tliere  is  a  three-layered  stage  intormfr 
diate  between  the  two  and   the   four-layered   comlition.* 
But   in   proportion    to    the   certainty   of  this   conclusion^ 
that  there  are  at  first  two,  and  afterwards  four  layers,  it  ii 
difficult    to    understand    the    way    in    whicli    these   four 
secondary  layers  arose  from  the  two  primary  layers.     In 
Uiis  respect  the  opinions  of  the  many  observers  who  have 
studied  the  question  are  so  contradictory  that  comparison 
of  them  fails  to  enable  us  to  reach  the  truth.     There  i%{ 
however,  no  doubt  of  the  one  fact,  that  these  four  layeit. 
result  solely  from  the  two  original  germ-layers,  and  that 
they  are  not  partly  independent  of  the  latter,  as  Reichet^, 
His,  and  othei-  confused  observers  have  asserted."     But 
question  yet  remains  undecided  whether  the  two  roid{ 
layers  both  originate  from  one  of  the  two  primary  layt 
(from  the  outer  or  the  inner),  or  whether  one  of  the  ti 
middle  layers  must  be  referred  to  the  upper,  the  other 
the  lower  of  the  primary  germ-layers. 

In  order  to  show  the  importance  of  this  qucsUon 
the  whole  history  of  evolution,  I  will  now  lirici 
cate  the  significance  of  the  two  middle  layura  We  mi 
call  these  two  middle  layers  the  second  and  the  thi 
numbering  the  four  secondary  germ-layers  in  order  fr 
the  outer  t<  tlie  iimer.  The  outer  skin,  the  muscular  ini 
or  flesh  of  the  trunk,  the  muscles,  which  move  the  bo 
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and  limbs,  as  well  as  the  inner  skeleton,  or  bony  frame- 
work of  the  body,  arise  from  the  second  germ-layer,  or  the 
outer  middle  layer,  which  is  called  the  skin-muscular 
layer,  or  the  skin-fibrous  layer.  The  muscles  and  vascular 
membranes,  which  first  surround  the  inner  ceUular  canal 
of  the  intestine  and  its  glands,  and  which  accomplish  the 
digestive  movements  of  the  throat  (pharynx),  oesophagus, 
the  stomach,  and  the  various  other  parts  of  the  intestinal 
canal,  are  all  produced  from  the  third  germ-layer,  the 
inner  middle  layer,  which  is  called  the  intestinal-muscular 
layer,  or  the  intestinal-fibrous  layer;  the  heart  and  the 
most  important  blood-vessels  also  originate  in  this.  The 
two  middle  layers,  therefore,  especially  provide  those  cell- 
atrata  which  are  employed  in  the  formation  of  the  fibrous 
coverings,  and  of  the  flesh  or  musclea  The  cells  of  the 
second  layer  change  into  the  flesh  and  the  bony  framework 
of  the  trunk ;  the  cells  of  the  third  layer  change  into  the 
muscles  and  the  fibrous  coverings  of  the  intestinal  canal. 
Both  middle  or  fibrous  layers  are  therefore  called  muscular, 
or  flesh-layers ;  the  outer  is  called  the  skin-muscular  layer, 
because  it  lies  on  the  first  secondary  layer,  the  skin-sensory 
layer ;  the  inner  is  called  the  intestinal-muscular  layer,  as 
it  lies  next  to  the  fourth  secondary  layer,  the  intestinal- 
glandular  layer  (Fig.  50). 

Baer  was  the  first  naturalist  who  recognized  and  clearly 
distinguished  the  four  secondary  germ-layers  of  the  higher 
animals.  He  did  not,  however,  fully  understand  their 
origin  and  their  wider  significance,  nor  was  he  quite 
right  in  his  explanation  of  the  details  of  their  respective 
purposes.      But  in  the  main,   their  significance   did  not 

escape  him,  and  he  even  expressed  that  view  of  the  origin 
18 
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of  the  two  middle  layers,  which  I,  in  op[<osition  to  inii«t 
other  authors,  still  hold  to  be  corroct.  That  is  to  aay,  Iw 
derived  each  middle  layer  separately  from  a  primary  gtnii- 
lay^er  (by  fission),  and  said,  that  tlie  outer  or  animal  gemi- 


Tio.  SO.^TnuiaTerae  Mction  Ihningh  the  embrj'o  of  an  Esrtii'ircvin ;  Vi, 
■Itin-Bensory  [ayer;  Jim, Bltm-filiroos  lajer;  cl/,  intestinal  aliruas  la^or;  At, 
iutestinal-gliiiUduliLr  Injer;  a,  iutcfltinnl  caritji  c,  body-caTit}',  or  CtHolui 
n,  neire-oentrps  ;  h,  primitiTe  kidnejs. 

Flo.  Bl.— CorreFpondiog  section  of  the  Inrra  of  AmphiDtm  {■fin' 
Kownlpvskv).     The  Ictlcra  indicati!  the  same  parts  aa  in  Fig.  60. 

layer  separates  into  two  strata,  a  skin-stratiiiii  and  a  flesh- 
sti-atum ;    siniilaily   the    inner   or    vegetativi'    gemi-layci   i 
aejiaratcs  into  two  strata;   the  vascular  stratum  and  t 
mucous  stratum.     In  the  following  table  this  view  of  Bu^fl 
which  I  believe  to  he  right  in  regard  to  the  phylogeneti 
origin  of  the  middle  layers,  is  compared  with  the  nei 
nomenclature,  which  is  now  in  vogue : — 

A,   Thf  hro  yrimarg  gmn-laym.  ti.  The  Jniir  atrondary  jtrTn-lat/tri, 

I.  Tb.  o.t,r  o,  „i..l  ttrm.  |    ,    b„,.„„^  ^^  (.kin...,...,  . 
2.  Skin-filiTDUH  layer  (Ovuli-Btratuni,  B 

8.  Inlsstiual-flbrons    laver  (nacnlar  aCn 
I  turn.  Btur). 

■iinl-icltimlalsr  lajrec  (mnooiu  ilnr 

1,  Bopr). 


Tbo  inner  or  Tc^stire  ( 
tferm-layer  (the  inteRti-  ' 
nal  Ibtm-,  or  entoderoi],  I 
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Much  recent  research  by  Kowalevsky,  Ray-Lankester, 
Van  Beneden,  and  others  has  justified  this  "Four-layer 
Theory"  of  Baer.  For  instance/ it  can  be  plainly  shown 
that  in  the  Earth-worm  (Fig.  50),  in  the  Amphioxus  (Fig. 
61),  and  in  some  other  animals  each  of  the  two  primary 
germ-layers  parts  into  two  secondary  germ-layers;  the 
skin,  or  outer-layer  parts  into  the  skin-sensory  layer  (hs), 
and  the  skin-fibrous  layer  (hm) :  similarly  the  intestinal 
or  inner  layer  separates  into  the  intestinal-fibrous  layer 
(df),  and  the  intestinal-glandular  layer  (dd).  The  body- 
cavity,  or  cceloma  (c),  forms  between  the  two  fibrous  layers. 

Contrary  to  this  view,  most  recent  observers  assume 
that  the  two  middle  layers  proceed  from  plane-division  of 
a  single,  middle  germ-layer  (meaoderma).  According  to 
this,  a  third  originates  between  the  two  primary  layers, 
and  by  a  secondary  process  of  fission  splits  into  two  layers 
along  the  plane  of  its  surface.  Some  observers,  however, 
as  certainly  derive  this  third  layer  from  the  lower  primary 
layer,  as  do  the  others  from  the  upper  primary  layer.  It 
is  exactly  this  suspicious  circumstance,  together  with  many 
other  grounds  (based  especially  on  Comparative  Anatomy) 
that  lead  us  to  the  conjecture,  which  I  believe  to  be  correct, 
that  neither  party  is  rights  but  that  the  outer  middle 
layer  rather  proceeds  from  the  animal,  the  inner  middle 
layer  from  the  vegetative  germ-layer.  It  is  true,  as  we 
shall  presently  find,  that  only  a  single  middle  layer 
(Remak's  "  motor-germinative  germ -layer")  usually  arises 
between  the  two  primary  germ-layers  of  mammals,  and 
that  by  the  fission  of  this,  the  two  difiercnt  middle  layers, 
the  skin-fibrous  layer  and  the  intestinal-fibrous  layer, 
originate  only  secondarily.      There  are,  however,  strong 
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grounds  for  tLe  assumption  that  iMs  process  ia  tlie  efTecl 
of  vitiated  Heredity.  The  simple  middle  germ-layer  of 
Vertebrates  has  most  probably  originated  only  secondarily 
by  the  coalescence  of  two  distinct  pnmary  middle  layers, 
And,  therefore,  the  fission  of  the  former  into  the  two  latter 
must  bo  regarded  as  a  tertiary  process. 

However  this  may  be,  we  have  now  reached   the  im- 
portant, definite   point  in  the   History   of   Evolution,  in 
which  the  whole  Vertebrate  body,  in  common  with  that 
of  most  higher  animals,  forms  a  tube,  the  wall  of  which  is 
composed  of  four  layers,  lying  one  over  the  other. 
18   not  a  figurative  comparison ;    these  constituent   pi 
of  the  tube-wall  are  actually  layers,  or  thin  plates,  w 
lie  fixed  one  over  the  other.  They  can  even  be  mechanically 
parted  or  split  off  from  each   other.     This  separability  is 
connected  with  the  fact  that  the  cells  in  eadi  one  of  tht 
four  layers  are  alike,  while  those  of  each  are  already 
some  degree   distinct  or  differentiated  from  those  of 
other  three  layers.     Tlie  first,  the  skin-sensory  layer,  > 
sista  of  cells  differing  from  those  of  the  second,  or  si 
fibrous  layer;  the  cells  of  the  latter  are  again  different 
those  of  the  thud,  the  intestinal-fibrous  layer;  and  thi 
latter  are  of  a  sfimewliat  different  nature  from  the  cells 
the   fourth,  the   intestinal-glandular   layer.     We   find 
same   four  germ-layers  as  in  Man  and  other  Vertcbi 
CFig.  51),  also  in  Soft-bodit'd  Animals  {Mollusca),  Articuli 
(ArUiropt>da.),  Star-animals   (Eijdnoderma),  and   agni 
the  higher  Worms  (Fig.  50).     This  fact  in   Comparati* 
Ontogeny  is  of  the  greatest  phylogenetic  significance, 
all    cases,  these   four  secondary  germ-layers  develop 
the  two  primary  germ-layers ;  it  is  only  in  the  lower  I 
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animalR  {Zoophytes),  especially  in  Sponges,  that  the  latter 
retain  their  original  simplicity. 

Finally,  as  a  special  proof  of  the  prophetic  genius  of 
Caspar  Friedrich  Wolff,  due  emphasis  must  be  given  to  the 
remarkable  tBjd  that  that  naturalist  assumed  thd  existence 
of  these  four  secondary  germ-layers  under  the  name  of 
**  four  systems  formed  on  one  type,"  the  proof  of  which 
was  not  furnished  till  half  a  century  later  by  Baer.^ 
(C£  p.  46.) 


RBmaH^B  three  germ-laymt. 


Thefovr  secondary 
germ-layere. 
Oater,or  (    I.  Onter,  or  npper    ^    ^y,^^,^ 
upper     I        germ-layer  (sen-  ,  ^ 

lajer      I        Bory  layer)  ^ 


Inner,  or 
under 
layer 


'  n.  Middle  germ. 
layer(motor-ger- 
minatiTe  layer) 


2.  Skin-fibroQS  layer 

3.  Intestinal-fibrous  \ 

layer 


in.  Inner,  or  nnder  ^    i„teetinal.glan. 
g«rm.layer  (tro-  j^  ^    » 

phio  layer)  ^ 


The  two  primary 
germ-layers. 

Animal  layer, 
Exoderm,  or  skin 
layer. 


Vegetatire  layer, 
'  Entodermi  or  intoB- 
tinal  layer. 


Modified  ontogenetic  pixx'esft.      J         Original  phylogenetic  process. 
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EXPLANATION  OF  PLATES  IL  AITO  IIL 

EOO-CLKATAOB  AKD  GASTSULATIOir.'* 

These  two  plates  are  intended  to  illustrate,  bj  means  of  diagrammatit 
seotiong,  the  most  important  differences  in  animal  egg^^sleaTage  and  gat. 
tralation.  Plate  IL  represents  holoblastio  eggs  (with  total  deaTage); 
Plate  III.  meroblastio  eggs  (with  partial  oleaTage).  The  animal  halves  of 
the  eggs  (exoderm)  are  coloured  graj ;  the  Tegetatire  halres  (entoderm  with 
nutritiTe  yelk)  red.  The  nutritiTe  yelk  is  perpendicularly  shaded.  AH  tht 
sections  axe  perpendicular  meridian  sections  through  the  axis  of  the  primi- 
tive intestine.  In  all,  the  letters  indicate  the  same  parts :  e^  parent-cell 
(Cytttia);  /,  cleavage.oeUs  {Se^mentelJa);  m,  mulberry-germ  (iforufa) ;  (^ 
germ.Tesicle  (BiMiuZa)  ;  g,  oup.germ  {Qiutrula) ;  #,  oleavage-oaTitv ;  d, 
primitive  intestinal  cavity ;  o,  primitive  mouth ;  n,  nutritive  jelk ;  i,  intes- 
tinal layer  {Entodterm)  ;  s,  skin-layer  (£{rod«rm). 

Fio.  1-6. — Original  or  primordial  egg-cleavage  of  the  lowest  Yertebrata 
(Amphiozus).  Fig.  1,  parent-cell  {Cyiula) ;  ^'g.  2,  cleavage-stage  with 
4  cleayage-cells ;  Fig.  8,  mulberry-germ  (Iforu/a) ;  Fig.  4,  germ-vesicle 
{Blastula)  ;  Fig.  6,  the  same,  in  process  of  inversion  (Invaginatio)  ;  Fig.  6, 
Bell-gastmla  {Archi'jfxstrula). 

Fio.  7-11. — Unequal  egg-cleavage  of  an  amphibian  (Frog).  Fig.  7, 
parent-cell  {Cyiiila)  ;  Fig.  8,  cleavage-stage  with  4  clearage-celU  ;  Fi^^.  9, 
mulberry-germ  {Morula)  ;  Fig.  10^  germ-vesicle  {Bloitula) ;  Fig.  11,  Hood- 
gastrala  {Amphigastrula). 

Fio.  1*3-17. — Unequal  egg^eavage  of  a  Mammal  (Man).  Fig.  12, 
parent-cell  {Cytula) ;  Fig.  13,  cleavage-etage  with  2  cleavage-cells  {t, 
loothcrK^cll  of  the  exoderm ;  i,  mother-cell  of  the  entoderm)  ;  Fig.  14^ 
cleavage  stage  with  4  cleavage-cells ;  Fig.  15,  beginning  of  the  invex^ 
sion  of  the  germ-yesiclo ;  Fig.  16,  further  advanced  inversion ;  Fig.  17,  Hood- 
gastrula  {AmithigaHtrula) . 

Fio.  18-24. — Discoidul  egg^leavage  of  an  Osseous  fish  {MoteXlaf  Cottut  r). 
The  greater  part  of  the  nutritive  yelk  (n)  is  omitted.  (Cf.  Fig.  42,  43,  pp. 
217,  219.)  Fig.  18,  parent-cell  (Cytula);  Fig.  19,  cleavage  stage  with 
2  cells;  Fig.  20,  cleavage-stage  with  32  cells;  Fig.  21,  mulberry-genn 
{Morula)  ;  Fi^^  22,  geroi-vcsicle  (Blastula) ;  Fig.  23,  the  same,  in  process  of 
inversion  ;  Fig.  24,  Di&c-gastrula  (Dhcogaatrula) . 

Fio.  25-30. —  Superficial  egg-cleavage  of  a  Crab  (Peneu$).  Fig.  25, 
parent-cell  {^Cytula) ;  Fig.  26,  cleavage-stage  with  4  cells  ;  Fig.  27,  oleavage- 
suigo  with  32  cells ;  Fig.  28,  mulberry-germ  (^Morula),  and  at  the  same 
time  the  germ-vcsielo  {Tila^tula)  \  F'v^,  29,  Bladdcr-gaatrola  (^Periga^tmla); 
Fig.  30,  Nauplius-gcrni ;  the  piiarynx-cavity  has  formed  in  front  of  the 
primitive  mouth  (d),  owiug  to  an  inversion  from  without. 
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TABLE   III. 

IM  of  iha  nMMi  important  differences  in  Animal  Egg-cleaTage  and 

Gasfcrnlation.^ 

The  letters  a-/indioate  the  6  animal  tribes  (tbe  primitive  animals  being 
exolnded)  :  a.  Plant-animals ;  h,  Worms ;  c,  Soft-bodied  animals  (MolUutsa) ; 
d,  Star-animals  {Echinoderma)  ;  e,  Articnlates  (Arthropoda)  ;  /,  Vertebrates. 


I. 

Total  Cleavage. 

SifmefUatioMalU. 


Gastrula  with- 
out 
natritive  yelk. 


L  Original  Cleavage. 

(SegmenUUio  primordkUia.) 
ArohibUsUc  ^;gi. 

Bell-gas'mla. 

^Artkigattruia.) 
(PUte  U.  Fig.  1-6.) 


/  a.  Most   low  PUnt^AntniAlB  (low 

Sponges,   HydrapolypB,  Me- 

du8c,  Oorals). 
ft.  Many    low    Worms    (S.ig1tta, 

Phoronia,     Aaddb.     many 

Nematodes,  etc.). 
e.  A  few  low  Soft-bodied  animals 

(JfoUuA:a)~TerebnitulA,  Ar- 

giope,  Piaidium. 
d.  Most    Star -animals    {JSckinO' 

derma), 
t.  A  few  low  Articulates  (some 

Brancbiopods,  Gopepods,  Tar- 

digrades). 
/.  Tbe  Slcull-less  Vertebrate  (Am- 

phioxos). 


n.  Unequal  Cleavate. 

(JStgnuntaUo  inctqualis.) 
AmphiblasUc  eggs. 

Hood-gastrula. 

(Ampki(fa$trula.') 
(Plale  U.  Fig.  T-17.) 


a  Numoroos  Plant-animals  (many 
Sponges,  Medoste,  Cbrals, 
Siphonophores,  Ctenopbone). 

ft.  Most  Worms. 

e.  Most  Soft-bodied  Animals  (Jft»(- 
liuca). 

d.  Individual  Star-animals  (viv{. 

parous  speiies    and   a   few 
others). 

e.  A  few  low  Articulates  (Arthro^ 

poda)-  both  Crustaceans  and 
Tracncates. 
/.  Qycloetoma,  Ganoids,  Amphibia, 
Mammals  (all  r). 


/ 


IL 

Partial  Cleavage. 

tD(fwt€mUUiopartiaUt, 
MsrobUstke0k 


Oastrula  with 

nutritive  yelk. 

Jfercgostnila. 


m.  Disooidal  Cleavage. 

(JS^fmentatio  diieoidalit.) 
Disooblastio  eggt. 

Disc-gastrula. 

{Di$eo-ga*trula.) 

(Plata  III.  Fig.  lS-34.) 


e.  Cuttle-flsh,  or  Cephalopoda. 

e.  Some  Articulates  (Arthropoda\ 
Millepedes,  Scorpions,  and 
others. 

/.  PrimitiTe  Fishes  {Selachii), 
Owi'ous  Fishes,  Reptiles, 
Blrdu  (and  MonotremM ;). 


\ 


IV.  Superfloial  Cleavage. 

(JSeffmentatio  iuperjieialit.) 

PsriblasUc  eggs. 

Bladder-gastru'  a. 

(^Pgrigattrula,) 
(Hate  IlL  Fig.  36-dS.) 


f  a,  k  few  Spongns  (?), 
Alcyonium  (r). 

ft.  Individual  Worms  (?) 

s.  The  great  mnjority  of  Articu- 
lates {A  rth  ropoda)  —  Cms- 
Uowns,  Myriopodi,  Spiders, 
Insects. 


TABLE    IT. 
Rjstenuttio  Surrcj  of   the  file  enrtiest  gcrmitial  Bta^et  of   ^'■'■■■nlt  1 
reference  to  the  four  diHorent  type-forau  of  £|;g-Gle«iaga. 


buiriiive  jeUi  ue  nut 


n.  a.  Arohl- 

(FUtc  IL  Fig.  I. 

nuut-cell     ob 
ttu  ulKD  out  of  iba 
unil-inoiioniU  bjUie 

m.  a.  ArcM- 

morulB. 
iPuw  It  Fig. 


Id  (gBDfi 
I     btap 


■nllr 


nr.«.AroU- 

blBBtUto. 

(ruto  II.  rig  <-) 

■lobultr)  THlilF.  lb> 
of  4  iliiel*  l^(  of 


Klita  II.  Pig.  *.) 


I.  i.  Amplil- 

A     cylal     wiili 


n.  b.  AmpU- 
cTtula. 

(Plttill.Pig.T.ll 


in.  ».  Amphl. 

momla. 
(Pbi.  11.  Fig,  »,) 


tv.  b.  Ampbl- 

bloatula. 
(PUu  II.  Fig.  It.) 


■I-U  or  muUR  nil* 

pole  bI  tUgEC  CFllL 

P.  b.  Amphi- 

gMUUln. 

QoDd-gulmla. 

(ruicll.ng.ll.l). 

rig.  a«-w.  p.  9M 

F1g.«l. 


Ill  clHTigL  U.  SnptrOeUl  dMnwk 


monerula. 


(Plile  III.  Fig.  II.) 


Ulv  Ktmutloo  of  li 
pmnMteiTMl. 


latnr    of    DuDii 
jeii. 


m«M  HI.  rg. «.; 

»](.  U.p.  lit, 

»ig  «.  p. »«. 

IMmltlvo  InlaUn 


UtStt    jvlk.    ~  l-rt-     ptnlj     Bllcd       .._     „.„ , 

BUT      (Rrm-UjTn     •rgmEDtcd  nutrliin     iBmiUil        nalrllln 

I  nfUn  DuV'lijpra].   J 


1.  d.  Pert-  ■ 
monarula.  ^H 
A  crod  ubicii  k^H 

Id    tbo    oiitrr    S^| 
■lairlUf*  ritt  la  i^H 

n.  M.  Perl-       ^1 

(PUt*  III.  ng.  a.) 


CPlrt»  III.  tig- «. 


".  *  PotI- 

bloBtUlB. 

(ruo  III.  Fig.  n.) 
AcloHd  nduh'  ■ 

rclk  (=  rcri-Bonli). 


TABLE  V. 

BjtteniAtio  Snrrej  of  some  of  the  most  important  rbythmioal  Tariations  in 

Eg^-cleavage.** 

Only  the  first  column  (Amphiozos)  presents  the  original,  palingenetio 
eleaTftge-  hjthm,  in  regular  geometrical  progression.  All  the  other  columns 
show  the  descended  kenogenetic  modifications. 

•  s  parent-cells.  »  s  cleavage-cells.  •  =  ezoderm-cells. 

•  s  entoderm-cellB. 


(Amphi- 
ozus). 


le 
ts 

4i 

•f 


16t 


»• 


Ms 


n. 

JmpkMan 

(Frog). 


le 
2« 


m. 

MamwMMi 

(Babbit). 


lilt 


8s 

18s 

(8s +  40 

16s 

(8s +  80 

84s 

(16s  +  80 

88s 

(16s  +  16t) 

48s 

(82s  +  16t) 

64s 

(82s  +  320 

86s 

(64s  +  820 

180s       , 

(128s  +  820| 


le 

8s 

(le  +  10 

4s 

(2s  +  20 

8s 

(4s +  40 

18s 

(8s  +  40 

16s 

(8s  +  80 

Ms 

(16s  +  80 

88s 

(16s  + 160 

48s 

(S2s  +  160 

64s 

(82s  +  S2t') 

86s 

(64s  +  320 


IT. 

Snaa 
(Trochus). 


le 
8s 

4s 


8s 
(4s  +  40 

18s 

(8s +  40 

80s 

(16s  +  40 

84s 

(160  +  80 

40s 

(32s  +  80 

44s 

(32s+  120 

76s 

(64s  +  120 

84s 

(64s  +  20i) 

148s 
<128e  +  20%) 


V. 

Worm 
(Fabricia). 


le 

8s 

(Is  +  10 

8s 

(2s  +  10 

5s 

(4s  +  10 

6s 

4s  +  2t) 

10s 

(8s  +  20 

lis 

(Se  +  3i) 

19s 

(16e  +  3i) 

81s 
(16s  +  60 

87s 
(32«  +  5») 

38s 
(32s  +  60 

70s 

(64s +  601 


Worm 
(Oydogena) 


le 
8s 

(i«  + 10 

85 

(2e  +  It) 

4s 

(3s+  10 

5s 
(4s+  It) 

6s 

(5s  +  10 

75 

(6s  +  10 

8s 

(7s  +  10 

8s 

(8s  +  10 

10s 

(9«  +  10 


CHAPTER  IX. 

THE  VERTEBRATE  NATURE  OP  MAN. 

Relation  of  Ck>mparatiTe  Anatomj  to  Classification. — ^The  Familj-relataoa- 
ship  of  the  Types  of  the  Animal  Kingdom. — Different  Significance 
and  Unequal  Yalae  of  the  Seren  Animal  Types. — ^The  Goffros  Theory, 
and  the  Phylogenetio  Classification  of  tJie  Animal  Kingdom.* — ^De- 
scent of  the  Gastrsea  from  the  Protozoa. — Descent  of  PIant>animals 
and  Worms  from  the  Gastrsda. — Descent  of  the  Fonr  Higher  Classes  of 
Anim<J8  from  Worms. — The  Vertebrate  Nature  of  Man. — Kasential  and 
Unessential  Parts  of  the  Vertebral  Organism. — ^The  Amphioxos,  or 
Lancelet,  and  the  Ideal  Primitiye  Vertebrate  in  Longitudinal  and 
Transverse  Sections. — The  Notochord. — The  Dorsal  Half  and  the  Ven- 
tral Half.— The  Spinal  Canal.— The  Fleshy  Covering  of  the  Body.— 
The  Leather- skin  (corium). — The  Outer-skin  (epict^rmts).— Body- 
cavity  {coeloma),  — The  Intestinal  Tube. — The  GiU.openings.  —  The 
Lymph-vessels.  —  The  Blood-vessels.  —  The  Primitive  Kidneys  and 
Organs  of  Reproduction. — The  Products  of  the  Four  Secondary  Germ, 
layers. 

"  Know  thyself  !  This  is  the  source  of  all  wisdom,  said  the  great  thinkers 
of  the  past,  and  the  sentence  was  written  in  golden  letters  on  the  temple  of 
the  gods.  To  know  himself,  Liunseus  declared  to  be  the  essential  indis- 
putable distinction  of  man  above  all  other  creatures.  I  know,  indeed,  in 
study  nothing  moro  worthy  of  free  and  thoughtful  man  than  the  stady  of 
himself.  For  if  we  look  for  the  purpose  of  our  existence,  we  cannot  possibly 
find  it  outside  ourselves.  We  are  here  for  onr  own  sake." — Karl  Ekxst 
Baer  (1824). 

A.  DIFFICULT  task  now  lies  immediately  before  us  in  tliia 
history  of  our  individual  development ;  we  must  trace  the 
complex  human  body  w^ith  all  its  various  parts,— oi^gansi 


IMPORTANCE  OF  COMPAEATIYE  ANATOKT.  245 

limbs,  etc.  firom  the  simple  Gastrula.  The  two  primary 
genn-layers  which  form  the  entire  body  of  the  Ga&trula  fall 
by  fission  into  the  four  secondary  germ-layers,  which  have 
already  been  named ;  and  of  these  four  the  whole  complex 
form  of  the  perfected  human  and  animal  body  constructs 
itself  It  is  so  difficult  to  understand  this  process  of  con- 
struction, that  we  will  first  look  around  us  for  an  ally 
capable  of  helping  us  over  many  obstacles. 

This  powerful  ally  is  the  science  of  Comparative 
Anatomy.  Its  object  is,  by  comparison  of  the  perfected 
bodily  forms  of  the  various  groups  of  animals,  to  discover 
the  universal  structural  laws,  in  accordance  with  which  the 
animal  body  develops ;  and  at  the  same  time,  by  critically 
determining  the  degrees  of  difference  between  the  various 
classes,  and  the  larger  groups  of  animals,  to  establish  their 
relations  to  each  other  and  to  the  whole  system.  There  was 
a  time  when  this  task  was  attempted  from  a  teleological 
point  of  view,  and  in  the  actually  existing  apt  organization 
of  animals  proof  was  sought  of  a  pre-arranged  "plan  of  con^ 
stmction "  by  the  Creator ;  but,  recently,  the  establishment 
of  the  Theory  of  Descent  has  enabled  Compai-ative 
Anatomy  to  go  deeper,  and  its  philosophical  task  has  de- 
veloped into  the  explanation  of  the  variety  of  organic  forms 
by  Adaptation,  and  their  similarity  by  Heredity;  it  has 
also  to  seek  to  discover  the  various  degrees  of  blood- 
relationship  in  the  graduated  and  various  foim-relationships, 
and  to  prove  as  nearly  as  possible  the  genealogy  of  the 
animal  kingdom.  In  this  way  Comparative  Anatomy  is 
most  closely  allied  to  the  classification  of  organic  bodies, 
which,  starting  from  the  opposite  direction,  aims  at  thu 
same  result 
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In  asking  ourselves  what  place  the  most  recent  i\»- 
coveries  of  Comparative  Anatomy  and  tlie  Science  of  Claaai- 
fication,  among  other  organisms,  assign  to  Man,  what  light 
is  thrown  by  a  comparison  of  developed  bodily  forms  on  the 
position  of  Man  in  the  whole  animal  system,  we  receive 
a  very  simple  and  significant  answer;  and  this  answer 
affords  conclusions  of  extreme  importance  in  explanation  of 
the  evolution  of  the  embryo,  and  as  to  the  phylogenetic 
interpretation  of  this  evolution. 

Since  the  time  of  Cuvier  and  Baer,  unce  the  ( 
progress  originated  by  these  two  great  zoologists  in  the  fi 
decades  of  this  century,  the  whole  animal  kingdom  I 
been  universally  held  to  be  divisible  into  a  small  number  dl 
main  divisions,  or  Types.  They  are  called  types,  becaoa*"" 
a  certain  typical  or  characteristic  structure  of  body  is 
invariably  maintained  within  each  one  of  these  main 
divisions.^  Of  late,  since  the  Development  Theory  has  been 
applied  to  this  celebrated  Doctrine  of  Types,  it  has  been 
discovered  that  all  animals  of  the  same  type  stand  in  direct 
blood -relationship  to  each  other,  and  can  be  traced  from 
a  common  parent-form.  Cuvier  and  Baer  assumed  four 
of  these  types ;  more  recent  research  baa  raised  the  number 
to  seven.  These  seven  types,  or  tribes  (Phyld),^  of  tho 
animal  kingdom,  are:  (1)  the  Protozoa;  [2)  tho  Plant-animals 
(Zoophyies) ;  (3)  the  Wonm  (Vermes);  (4)  the  Soft-bodied 
animals  (MoUiisca) ;  (5)  the  Star-animals  {Evhijioderma) ; 
(6)  the  ArticiJated-aiiimals  {Artkropoda);  (7)  the  Vei-ti^rata. 

I  may  at  once  introduce  the  reader  to  tlie  genealogi- 
cal inter-relations  of  these  seven  types  as  I  am  fully  con- 
vinced they  are  phylogenetically  constituted.  For  tluB 
purpose  I  will  give  as  briefly  as  possible  the  ouUioes  ol 
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my  Gastrsea  Theory,**  on  which  I  base  the  monophyletic 
genealogy  of  the  animal  kingdom,  and  which  I  am  con- 
vinced must  supersede  the  Theory  of  Types  which  now 
prevails.  According  to  this  .  Gastraea  Theory,  which  I 
enunciated  in  the  "Monograph  on  the  Chalk  Sponges" 
(voL  iL  pp.  465-467),  the  seven  types  or  tribes  of  the  animal 
kingdom  possess  an  entirely  different  significance  and  an 
entirely  unequal  value.  Only  the  four  higher  tribes 
— ^Vertebrates,  Arthropods,  Molluscs,  and  Echinoderms — 
are  types  in  the  sense  of  Cuvi^  and  Baer,  and  even  these 
only  in  a  limited  sense,  not  as  originally  meant  by  the 
authors  of  the  theory.  On  the  other  hand,  the  lowest 
type,  that  of  the  Primitive-animals,  is  not  really  a  "  type," 
but  the  sum  of  all  the  lowest  animals ;  it  was  from  a 
branch  of  the  Pnmitive-animals  that  the  Oastnea  developed. 
The  two  remaining  types,  the  Plant-animals  and  the  Worms, 
stand  betwe^i  the  Primitive-animals  and  the  four  higher 
typea  They  are  more  specialized  and  typical  than  the 
Primitive-animals,  and  less  typically  organized  and  charac- 
terized than  the  four  higher  tribes. 

The  GastrsBa  Theory  is  founded  on  the  fact  that  we 
have  proved  the  two  primary  germ-layers  to  be  the  rudi- 
mentary bodily-structure  common  to  the  six  higher  groups 
of  ftnimitlft  But  it  is  also  proved  that  a  single  original 
organ  is  of  the  san>e  use,  or  homologous,  in  all  those 
animals;  this  is  the  intestine  (protogaster),  the  primitive 
intestinal  or  stomach  cavity,  in  its  most  simple  form.  In 
the  Gastraea  itself,  and  in  the  extant  Gastreads  (Haliphy- 
9ema,  Ghtstrophysema),  the  entire,  simple,  spherical  or  oval 
body  consists  only  of  this  simple  primitive  cavity,  open  at 
one  pole  of  the  axis  (the  primitive  intestine  and  primitive 
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montli),  and  of  the  two  primaiy  genn-Iayers  wbidi  snr- 
round  it  in  their  simplest  original  form  (Entoderm  and 
Exoderm).  But  in  none  of  the  Protoaoa  are  there  germ- 
layers,  and  therefore  no  primitive  intestine.  The  eDtiie 
protozoan  body  is  formed  either  of  a  very  simple  cytod,  a 
little  shapeless  mass  of  protoplasm,  as  in  the  Monera^  or  a 
very  simple  cell,  as  in  Amceb®  and  Gr^arinse,  or  a  cokmj 
of  simple  cytods  or  cells  (as  in  most  Protozoa).  Bat  in  the 
last  case  the  cells  of  this  cell-commnnity  are  either  entirely 
homogeneous,  or  but  slightly  differentiated,  and  never 
separated  into  true  germ-layera  A  real  intestine  never 
appears  in  the  Protozoa.  The  Tnfusoria,  which  reach  the 
highest  d^ree  of  physiological  perfection  among  Protozoa^ 
do  indeed  appear  to  have  an  intestine  with  a  mouth  and 
vent.  But  as  the  entire  body,  notwithstanding  the  con- 
siderable differentiation  of  its  individual  parts,  retains  only 
the  form-value  of  a  simple  cell,  we  cannot  compare  this 
physiological  food-canal  with  its  openings,  with  the  true 
many-celled  intestine,  which  in  other  animals  are  morpho- 
logically characterized  by  their  covering  of  germ-layers.* 

We  must  therefore  primarily  divide  the  whole  animal 
kingdom  into  two  main  divisions;  on  the  one  side  the 
Protozoa,  without  a  primitive  intestine  or  germ-layers, 
without  yelk-clcavage  or  differentiated  many-celled  tissues; 
on  the  other  side,  the  Intestinal  animals  {Mttazoa)  with 
intestines,  with  two  primary  germ-layers,  with  yelk-deav- 
age,  with  differentiated  many-celled  tissues.  The  Intestinal 
animals,  or  Metazoa,  in  which  we  include  the  six  higher 
groups  of  animals,  have  all  descended  from  the  Gastrsea, 
the  previous  existence  of  which  may  be,  even  at  this  day, 
proved  with  certainty  by  means  of  the  Gastrula.      This 
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Qastrula^  or  intestinal  larva,  which  recurs  in  a  remarkably 
nmilar  form  in  the  history  of  the  individual  development 
of  the  several  groups  of  animals,  is  of  the  greatest 
significance.  From  this  Gastrula  the  lowest  Vertebrate 
develops,  just  as  the  lower  forms  of  Worms,  Soft-bodied 
Animals,  Star-animals,  Plant-animals,  etc.  (Cf  Plates  II., 
IIL,  and  Fig.  22-28,  pp.  191,  193.)  The  Gastrula  at  the 
present  day  presents  a  correct  picture  of  the  primitive 
Gastrsea,  which  must  have  developed  from  the  Protozoa  in 
the  Laurentian  period. 

Comparative  Anatomy  and  Ontogeny  teach  us,  further, 
that  from  this  Gastrsea  the  animal  kingdom  at  first  de- 
veloped in  two  diverging  directions  or  linea  In  the  one 
direction  proceeded  the  low  group  of  the  Plant-animals 
{Zoophytes),  to  which  the  Sponges,  Polyps,  Corals,  Medusse, 
and  many  other  marine  animals  belong ;  and  among  fresh- 
water animals  the  well-known  Hydra,  or  fresh-water  Polyp, 
and  the  Spongilla^  or  fresh-water  Sponge.  In  the  other 
direction,  the  very  important  group  of  the  Worms,  in  the 
narrower  sense  in  which  the  present  zoological  classification 
limits  this  group,  developed  from  the  Gastraea.  In  the 
Linnsean  system,  and  generally  in  earlier  times,  all  the 
lower  animals.  Infusoria,  Worms,  Soft-bodied  Animals, 
Plant-animals,  Star-animals,  etc.,  were  included  imder  the 
name  of  Worms ;  the  name  is  now,  however,  much  more 
narrowly  restricted  to  the  true  Worms.  Under  it  are  in- 
cluded Earth-worms,  Leeches,  Ascidians,  and  also  the 
various  parasitic  Worms,  Tape-worms,  Round-worms, 
Trichinae,  etc.  Different  as  all  these  worms  appear,  in  their 
perfect  state,  they  can  all  be  traced  back  to  the  Gastriea. 
(Cf.  Table  XVIII.  in  Chap.  XVII.) 
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We  must  look  for  the  original  parcntrfonn  of  ihe  ( 
higher  tribes  of  animals  among  the  niunerous  branch-for 
of  the    Worm    Tribe.      The    comparative    Anatomy 
Ontogeny  of  these  four  tribes  certainly  teach  that  all  origi- 
nated from  four  different  branches  of  Worroa.    This  tribe  is 
the  common  ancestral  group  of  the  four  higher  animal  tribi 
These  last  are :  (1)  the  Star-animals  (^Echinoderma — Sti 
tishes.  Sea-urchins,  Sea-lilies,  Sea-cucumbers) ;  (2)  the  i 
portant   daaa   of   the   Articulated -animals    {ATUiropoda- 
Craba,  Spiders,  Centipedes,  Insects);   (3)  the  Sofb-hodied- 
animala  {Molluaca — Lamp-shells,  Mussels,  Snails,  ett); 
finally  (4)  the  Vertebrata,  the  most  highly  developed  ( 
of  animals,  to  which  Man  belongs. 

These  are  the  principles  of  the  unified  or  roonophyletic 
genealogy  of  the  animal  kingdom,  as  they  present  tlicm- 
solves,  provisionally,  accoi"ding  to  the  Gastnea  Tlieory, , 
the  present  stage  of  zoological  classification  and  of  emhrj 
logical  knowledge.  If  I  am  right  in  asserting  the  i 
similarity  or  homology  of  the  primitive  intestine  and  t 
two  primary  germ-layers  enclosing  it  in  all  intestinal 
animals,  this  phylogenetic  classification  of  the  auimul 
kingdom  may  auperaede  the  systems  hitherto  based  on  the 
Type  Theory.  According  to  this,  therefore,  the  sevt>D 
types  of  that  theory  acquire  a  wholly  different  significant 
Of  these  seven  tribes  {Phijla),  (1)  tliat  of  the  Protos* 
remains  at  the  foot  of  the  scale;  from  it  springs  (2)  the 
Gastrsa,  which  branches  into  the  two  lines  of  the  Piant- 
auimals  and  Worms ;  and  from  the  Worms  develop  (3)  Uie 
four  higher  groups  of  animals ;  those  last  are  four  diverging 
lines,  which  are  only  connected  togetlier  at  the  base,  atniu 
the  lowest  Worma,  but  ore  not  otherwise  comparable. 
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In  specially  observing  the  position  of  Man  in  the  animal 
%ystem^  it  cannot  be  doubted  for  a  moment  that  the  entire 
bodily  structure  of  Man  is  that  of  a  Vertebrate,  and  that 
Man  possesses  in  the  characteristic  position  and  combination 
of  his  organs  all  those  peculiarities  which  appear  only  in 
the  Vertebra^te  class,  and  are  totally  wanting  in  all  other 
animals.  The  Vertebrates  are  either  in  no  way  related  to 
the  three  other  higher  groups  of  animals,  or  they  are  so 
only  in  their  common  descent  from  the  Worms  and  from 
the  Gastrsea ;  on  the  contrary,  a  relationship  really  exists, 
and  may  be  clearly  proved  between  Vertebrates  and  some 
forms  of  Worms.  I  may  now  enunciate  the  proposition, 
which  we  shall  hereafter  prove,  that  the  entire  Vertebrate 
tribe  has  developed  from  the  Worm  tribe.  On  the  other 
hand,  the  Vertebrates  have  certainly  not  descended  from 
the  Articulated-animals  (Arthropoda),  the  Soft-bodied 
AniTfiRla  (MoUusca),  or  Star-animals  (Echinodemta).  There- 
fore by  far  the  greater  part  of  the  animal  kingdom  may  be 
entirely  overlooked  in  our  future  investigations,  whether 
Ontogenetic  or  Phylogenetic.  We  have  nothing  further  to 
do  with  these.  The  three  groups  which  alone  interest  us, 
are  the  Primitive  Animals  (Protozoa),  the  Worms,  and  the 
Vertebrates. 

Those  people  who  regard  the  descent  of  Man  from  the 
animal  kingdom  as  a  more  or  less  degrading  stigma^  and 
are  ashamed  of  it,  may  take  such  consolation  as  they  can 
irom  the  fiEU^t  that  the  greater  part  of  the  animal  kingdom 
is  not  akin  to  them.  The  Vertebrates  have  no  connection 
with  the  great  group  of  Articulated-animals  (Arthropoda) ; 
but  to  the  latter  belong  not  only  the  Crabs,  but  also  the 
Spiders  and  Insects,  which  last  form  a  single  class,  com- 
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prising  probably  aa  many,  if  no*  more,  distinct  species  t] 
all  the  other  classes  of  animals  together.     Unfot-tiin&t^ 
we  lose  by  this  the  relationship  which   might  otlier 
connect  us  with  Termites,  Ants,  Bees,  an<l  other  i 
members  of  the  Articulate  class.     Among  these  ins 
many   well-known    patterns    of   virtue,  which    the   1 
writers  of  old  classic  times  held  up  as  examples  for  i 
In  tl^ie  civil  and  social  arrangements  of  the  Ants  especial 
we  meet  with  highly  developed  institutions  which  we  n 
even  yet  regard   aa   instructive   examples.     But  unforfi 
nately  these  highly  civilized  animals  are  not  related  to  u 

Our  next  task  most  now  be,  to  enter  in  greater  detwl 
into  the  vertebrate  nature  of  Man,  and  to  determine  Qm 
special  position  which  he  holds  in  the  system  of  Ver 
brates.  Here  it  is  necessary  to  point  out  the  most  e 
tial  facta  in  the  particular  structure  of  the  vertL-bn 
body;  for,  otherwise,  we  shall  be  quite  unable  to  enter 
rightly  into  the  difBcilt  question  of  Ontogeny,  The  evola- 
tion  of  even  the  simplest  and  lowest  Vertebrate  from  the 
simple  Oastrula  is  bo  complex  a  process,  and  is  so  difficult 
to  trace,  that  it  is  necessary  to  understand  the  prindpl«« 
of  the  organixation  of  the  perfect  \ertebratc,  in  ( 
comprehend  the  principles  of  its  evolution.  But  it  is  equad 
important  that  in  this  brief  anatomical  description  i 
vertebrate  organism,  we  should  stop  only  at  the  easentiil 
facts,  and  leave  all  others  untouched-  Therefore,  in  pvinj 
ao  ideal  anatomical  sketch  of  the  main  form  of  the  Vci 
brate  and  ita  inner  organization,  I  leave  out  all  secooda 
and  non-essential  circumstances,  and  confine 
tliose  most  essential 

Many  particidars,  which  will   probably  appear  higbly 
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fanportant  and  essential  to  the  reader,  are  shown  by  the 
History  of  Evolution  and  Compai^ative  Anatomy  to  be  of 
secondary  and  subordinate  importance,  or  even  entiix^ly  non- 
essential  For  example,  from  tlds  point  of  view  the  head 
fritli  the  skull  and  the  brain  are  non-essential,  as  arc  also  the 
extremities,  or  limba  It  is  true  that  these  parts  of  the  body 
possess  a  very  high — even  the  very  highest  physiological 
importance;  but  for  a  morphological  conception  of  the 
Vertebrate,  they  are  non-essential,  because  they  appear 
only  in  the  higher  Vertebrata,  and  are  wanting  in  the  lower. 
The  lowest  Vertebrates  possess  neither  a  cleaily  maiked 
head  with  a  brain  and  skull,  nor  extremities,  nor  limbs. 
The  human  embryo  also  passes  through  a  stage  in  which  it 
possesses  no  head,  no  brain,  no  skull,  in  which  the  trunk 
is  still  entirely  simple  and  undivided  into  head,  neck, 
breast,  and  abdomen,  in  which  there  is  no  trace  of  limbs, 
arms,  or  legs.  In  this  stage  of  evolution,  Man,  as  well  as 
every  other  higher  Vertebrate,  essentially  resembles  that 
simplest  Vertebrate  form,  which  is  represented  only  by  a 
single  existing  Vertebrate,  retaining  the  form  throughout 
life.  This  single  lowest  Vertebrate,  which  deserves  the 
closest  consideration,  and,  next  to  Man,  must  undoubtedly 
be  called  the  most  interesting  of  all  Vertebrates,  is  the  well- 
known  Lancelet,  or  Amphioxus  (Plates  X.  and  XT).  As  we 
•ball  afterwards  examine  this  animal  minutely  (in  Chapters 
XIJI.  and  XIV.),  I  shall  say  but  little  about  it  now. 

The  Amphioxus  lives  buried  in  sea-sand  ;  it  attains  a 
length  of  5-7  centimetres,  and  in  its  adult  condition  is 
shaped  exactly  like  a  long,  lanceloate  leaf.  It  ib,  therefore, 
called  the  Lancelot.  The  narrow  body  is  compressed  on 
Wth  sides,  is  similarly  pointed  in  front  and  at  the  back. 
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without  any  trace  of  external  appendages,  without  hit 
division  of  the  body  into  head,  neck,  breast,  abdomen,  etc 
Its  whole  form  ia  so  simple,  that  it3  first  discoverer  ded&r&l 
it  to  be  a  naked  SnaiL  Not  until  much  later  (about  fort^r 
years  ago)  was  the  remarkable  little  being  more  cloeeiy 
examined,  and  it  then  became  evident  that  it  ia  a  true 
Vertebrate.  Later  invostiga  tions  have  shown  that  its  beaiisg 
on  Comparative  Anatomy  and  human  Embryology  and 
Pliylogeny  ia  of  the  highest  importance.  For  the  Lanoekt 
enables  us  to  solve  the  weighty  question  as  to  the  deaoent 
of  Vertebrates  from  Worms,  with  certain  lower  fonni 
(Aecidia)  of  which  it  is  immediately  connected  in  its  iJe- 
vclopment  and  bodily  structure. 

Now,  if  we  make  several  sections  through  the  l»odj  q 
the  Amphioxns, — first,  perpendicular  longitudinal  section 
through  the  whole  body  from  front  to  back,  and  secondljy 
perpendicular  croBs-section  through  it  from  right  to  le(t,« 
»hall  obtain  two  instructive  anatomical  pictures.  (Cf.  I 
X.  and  XI.)  In  all  essential  points  they  correspond  to  fl 
abstract  ideal,  which,  aided  by  Comparative  Anatomy  i 
Ontogeny,  we  are  able  to  conceive  as  the  primitive  t 
as  the  picture  of  the  Primitive  Vertebrate ;  of  that  I 
extinct  parent-form,  to  which  the  whole  Vertebmte  I 
owes  its  origin.  We  need  only  make  very  slight  and  4 
material  alterations  in  the  actual  sections  of  the  Amphic 
in  order  to  obtain  such  an  ideal  anatomical  picture  j 
diagram  of  the  primitive  form  of  the  Vertebrate,  aa  itJ 
represented  in  Fig.  52-56.  The  Amphioxus  differs  I 
little  from  this  primitive  form  that  it  may  he  i 
described  as  a  Primitive  Vertebrate,  (Cf  Plates  X.  and  2 
with  Fig.  52-86.3* 
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In  the  longitudinal  section  of  the  type  of  the  Vertebrate, 
a  thin  but  firm  rod,  of  cylindrical  form,  and  pointed  at  the 
posterior  and  anterior  ends  (Fig.  52,  x\  is  seen  in  the  middle 
of  the  body.    This  passes  through  the  whole  length  of  the 
centre  of  the  body,  and  represents  the  original  rudiments 
ct  the  spine  or  vertebral  column.    This  is  the  notochord, 
the  chorda  doraalia,  or  chorda  vertebraXis,  which  is  also  called 
the  vertebral  chord  or  spinal  axis,  or,  briefly,  tlie  chorda 
This  firm,  but  flexible  and  elastic  chord,  consists  of  a  cartila- 
ginous mass  of  cells,  and  forms  the  central  inner  axis  of  tho 
skeleton  or  main  support  of  the  body ;  it  occurs  exclusively 
in  Vertebrates,  and  is  entirely  wanting  in  all  other  animals. 
As  the  first  rudiment  of  the  spine,  it  possesses  the  same  sig- 
nificance in  all  Vertebrates,  from  the  Amphioxus  to  Man 
But  in  the  Amphioxus  alone  the  notochord  is  retained, 
throughout  life,  in  its  simplest  form.     In  Man  and  all  the 
other  higher  Vertebrates,  on  the  contrary,  it  is  found  in  this 
form  only  in  the  earliest  embryonic  stages,  and  afterwards 
develops  into  the  articulated  vertebral  column. 

The  spinal  axis,  or  notochord,  is  the  fixed  main  axis  of 
the  Vertebrate  body,  corresponding  with  the  ideal  axis  of 
length,  and  at  the  same  time  serving  as  a  sure  guide  by 
which  we  learn  the  true  bearing  of  the  typical  relative  posi- 
tions of  the  most  important  organs  of  the  Vertebrate  body. 
By  means  of  it  we  can  picture  the  body  of  the  Vertebrate  in 
its  original  natural  arrangement,  in  which  the  axis  of  length 
lies  horizontally ;  the  dorsal  side  lies  above,  and  the  ventral 
side  below  (Fig.  52).  If  we  make  a  vertical  section  through 
the  whole  length  of  this  axis,  the  whole  body  separates  into 
two  similar  and  symmetiical  parts,  the  right  and  left  halves. 
In  both  halves  exactly  the  same  organs  originally  lict  in  tho 
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Frn.  SS. 


Flo.  S2.— The  idea]  Primitivo  Vortelir«te  lypo.  uiea  from  Uin  Ufifl 
mr,  mfdnllnry  tnbei   «,  ohunltt-.  na,  luiae  i   on,  eyta;  9,  e»r-««iiil«l'( 
month  J   I,  gill.bwly!   *«,  gill-openiiig*;    hg.   gilUrcheBj  ma.  ■ 
1Iv«t;  d,  uninll  iuiiMtine  i  ^/,  Qonai  i',  intf-itinal  tdIii;  As,  .k 
nrli'iyi   11,  primttivo  kidney  cannli  *,  iiiftry;   k,  iHiSctosi 
(viaocml  cavitr)  i   mt,   muaalesi   Ih,  lULLhur-skin  (oiriuin)! 
^gjiiifrniiM)  i  J,  tikiu-fiild,  kctiog  ka  lin. 

Kia.  &3.— Skiue  u  nbore,  Tiei>«l  From  tlin  Tentrnl  siilu 
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YtG.  54. — Transrerse  section  of  the  some  in  the  anterior  part  (through 
Um  gill-body,  at  hg.  Fig.  53) . 

Fie.  55. — ^Transverse  section  of  the  same  in  the  central  part  ^n  the 
neighbonrhood  of  the  heart,  at  hz.  Fig.  53) . 

Fio.  56. — Transverse  section  of  the  same  in  the  posterior  part  (through 
the  ovarj,  at  0^  Fig.  53).  The  letters  indicate  the  same  parts  in  all  the 
sectiona. 

same  relative  position  and  connection ;  but  their  positions 
in  relation  to  the  central  plane  of  section  are  exactly  re- 
versed ;  the  left  half  resembles  the  right,  as  though  reflected 
in  a  mirror.  The  two  halves  are  called  counterparts,  or 
antimera.  The  perpendicular  line  of  section  which  divides 
tho  two  halves,  passes  from  the  back  to  the  abdomen,  and  is 
called  the  sagittal  or  dorso-ventral  axis.  If,  on  the  other 
Land,  we  make  .a  horizontal  section  lengthwise  through  the 
chord,  the  whole  body  falls  into  a  dorsal  and  a  ventral  half 
The  line  of  section  which  passes  through  the  body  from  the 
right  to  the  left  side  is  called  the  cross  or  lateral  axia  (Cf. 
Plates  IV.  and  V.®*) 

The  two  halves  of  the  Vei-tebrate  body  which  ai-e 
separated  by  this  horizontal,  transverse  axis,  have  an 
entirely  different  significance.  The  dorsal  half  is  especially 
the  animal  part  of  the  body,  and  contains  the  greater  part 
of  the  so-called  animal  organs,  of  the  nerve-system,  muscle- 
system,  bone-system,  eta  The  ventral  half,  on  the  other 
hand,  is  essentially  the  vegetative  part  of  the  body,  and 
contains  the  greater  part  of  the  vegetative  organs  of  tho 
vertebrate,  the  digestive  system,  the  reproductive  system, 
etc  The  two  outer  secondary  germ-layers  are,  therefore, 
specially  employed  in  the  formation  of  the  dorsal  half,  and 
the  two  inner  in  the  formation  of  the  ventral  half.  Eacb 
of  the  two  halves  develops  in  the  form  of  a  tube,  and 
surrounds   a  cavity   in   which   another    tube  is   enclosed. 
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The  dorsal  half  encloses  the  spinal  cavity,  which  lies  above 
the  notochord,  and  contains  the  tube-shaped  central  nerve 
system,  the  spinal  marrow  or  spinal  tube.  The  veotTHl 
half,  OQ  the  other  hand,  encloses  the  much  Iarg<;r  intoetinsl 
or  ventral  cavity,  which  lies  below  the  notochord,  and  con- 
tains the  intestinal  canal  with  all  its  appeudages. 

The  spinal,  or  medullary  tube,  as  the  central  nerve 
system  or  mental  organ  of  Vertebrates  is  called  in  its  primi- 
tive condition,  consists  in  Man,  as  in  all  higher  Vertebrates, 
of  two  very  different  parts :  the  lai^  brain  lying  within  the 
skull,  and  the  long  spinal  cord  which  extends  from  the  brun 
along  the  whole  back  (Plate  V.  Fig.  16,  m).  But  no  part  of 
this  structure  is  seen  in  our  primitive  vertebral  typo.  In  thb 
the  highly  important  mental  organ,  which  occasions  the  fed- 
ing,  willing,  and  thinking  of  the  Vertebrate,  appears  in  an 
extremely  simple  form,  It  is  composed  of  a  long  cylindrical 
tube  which  passes  lengthwise  through  the  body  immediate 
above  the  nutochord,  and  encloses  a  narrow  central  canal  illled 
with  fluid  (Fig.  52-57,  mr).  We  find  that  the  Amphio 
at  the  present  day  retains  throughout  Ufe  this  simfdci 
form  of  the  spinal  canal,  just  as  it  existed  in  all  the  oldll 
and  lower  Veiicbratcs  (Plate  XL  Fig.  15,  m).  It  is  encio! 
in  a  tube  of  skin  which  proceeds  from  the  immediate 
Buri-ounding  of  the  notochord,  the  so-called  notochonl 
sheath,  and  in  which,  at  a  later  period,  Uie  bony  vert«lH« 
of  the  higher  Vertebrates  are  developed. 

Of  organs  of  sense,  the  parent-form  of  Tcrtebrata 
probably  possessed  an  olfactory  groove,  as  the  simpld 
rudiment  of  a  nose  (Fig.  52,  53,  na),  a  pair  of  eyes  ((«' 
and  a  pair  of  auditory  vesicles  (g)  of  the  most  simple  6 
racter.^    Some  of  thes*  OTffJis  of  sense  are  not  repreaente 
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the  Amphioxua,  probably  in  consequence  of  secondary 
(Cf.  Chap.  XIII.) 


Pig.  B7. — Truuverm  sectioa  through  the 
Ulterior  part  of  the  primitiTe  vertebrate  type  : 
wr,  apinal  tube;  >,  chorda  (notoohord)  ;  nui, 
dona]   miuolMi  lib,giU-Teut)  it,  gill-intestme. 

On  both  sides  of  the  spinal  tube 
(^  all  Vertebrates,  and  the  notochord 
'which  underlies  it,  great  massea  of 
flesh  are  seen,  which  form  the  muscular 
parts  of  the  trunk  and  accompliuh  its  movements.  Although 
in  developed  Vertebrates  these  masses  are  ditiereiitiated  and 
combined  in  various  ways  (corresponding  to  the  variously 
differentiated  parts  of  the  bony  skeleton)  yet  in  our  ideal 
primitive  Vertebrate  we  can  distinguish  only  two  pairs  of 
Dtain  muscles  which  traverse  the  whole  length  of  the  body 
paisUel  to  the  notochord.  These  are  the  upper,  or  dorsal, 
and  the  lower,  or  ventral,  side-muscles  of  the  trunk.  The 
upper  (dorsal)  side-muscles  of  the  trunk,  the  primitive 
back-muscles  (Fig.  58,  msi)  form  the  thick  moas  of  the 
flesh  of  the  hack.  The  lower  (ventral)  side-muscles,  the 
primitive  abdominal  muscles,  on  the  other  hand,  form 
the  flesliy  wall  of  the  abdomen  (Fig.  58,  «i82). 


Tig.  68.— TtansTcree  section  throagh  the 
OMtial  portion  of  the  ideal  IVimitive  Verto. 
bcBt«  :  /,  akin-fold,  forming  Sn  ;  mr,  spinal  tabe ; 
(.ehorda;  oui,  dorsttl  miucles  i  mn,  rontral 
nniclet;  a,  aorta  (in  the  mosentcry)  i  nut, 
ildDiach-aarit;  i  c,  body-oavit;  (viscemlcavitj)  i 
h,bMrt. 


Outside    this   wall   we    And   the    outer 
of  the   whole  body,  called  tlie  leather-ski 


covering 
{loriuvi,    or 
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cutis,  Ih),  The  lower  layers  of  this  tough  and  thick 
covering  consist  piincipally  of  fat  and  loose  connective 
tissue ;  the  outer  layers  of  skin-muscles  and  firmer  connec- 
tive tissues.  It  covers  the  whole  surface  of  the  fleshy  body, 
with  which  it  is  connected,  and  it  lies  immediately  below  the 
thin  outer  skin  (epidermis,  oh).  In  the  case  of  the  higher 
Vertebrates,  hairs,  nails,  feathers,  claws,  scales  eta,  arise 
from  this  outer  skin.  With  all  its  appendages  and  pro- 
ducts, it  consists  entirely  of  simple  cells,  and  contains  no 
blood-vessels.  Its  cells  are  connected  with  the  ends  of  the 
sensory  nerves.  Originally  the  outer  skin  (epidermis)  is  an 
entirely  simple  covering  for  the  outer  surface  of  the  body, 
and  consists  of  but  one  kind  of  celL  In  higher  Vertebrates, 
it  afterwards  separates  into  two  strata,  an  outer,  firmer 
hom-stratum,  and  an  inner,  softer  mucous  stratum ;  many 
external  and  internal  appendages  arise  from  it  at  a  later 
period ;  the  hair,  nails,  etc.,  externally,  and  the  sweat  and 
sebaceous  glands  internally. 

In  the  primitive  Vertebrate  the  skin  probably  arose 
along  the  middle  line  of  the  body  in  the  form  of  an  erect, 
perpendicular  seam  used  for  floating  pui-poses  (/).  Tlie 
Amphioxus  and  the  Cyclostomi  yet  retain  a  similar  seam, 
which  passes  almost  entirely  round  their  bodies ;  one  is  also 
found  on  the  tail  of  the  larval  Frog,  or  Tadpole  (Fig.  194). 

From  these  external  jmrts  of  the  vertebrate  body  we 
will  now  turn  to  the  inner  organs,  which  we  find  beneath 
the  notochord,  in  the  large  body,  or  intestinal  cavity.  Tu 
avoid  confusion,  we  will  in  future  call  this  cavity  the 
cifJo'i.ia.  In  Anatomy  it  is  usually  called  the  pleuro-peri- 
toncal  cavity  (Fig.  58,  c).  In  Man  and  all  other  Mammals, 
but  in  no  other  animals,  this  ccelom,  when  developed,  if 
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separated  into  two  distinct  cavities,  which  are  completely 
divided  by  a  transverse  partition,  the  muscular  midriff,  or 
diaphraguL  The  first,  or  chest-cavity,  contains  the  oesopha- 
gus, the  heart,  and  the  lungs ;  the  other,  the  ventral  cavity, 
contains  the  stomach,  small  intestine,  large  intestine,  liver, 
'  spleen,  kidneys,  eta  But  in  manmialian  embryos,  these 
two  form  a  single  connected  cavity,  a  simple  coelom,  before 
tlie  diaphragm  is  developed,  and  this  we  find  to  be  the 
ease  in  all  lower  Vertebrates  throughout  life.  This  coelom  is 
covered  by  a  delicate  layer  of  cells,  the  intestinal  epithelium. 
The  most  important  of  the  viscera  within  the  body- 
cavity  (ccdloma),  is  the  nutritive  intestinal  tube,  the  organ 
which  forms  the  whole  body  of  the  Gastrula.  This  is  a 
long  tube,  more  or  less  differentiated,  enclosed  in  the  coelom, 
and  having  two  openings;  a  mouth-opening  for  taking  in 
food  (Fig.  59,  60,  rod),  and  an  anal  opening  for  dii^charg- 
ing  waste-matter  or  excrement  (of).  Numerous  glcJids,  all 
of  which  proceed  from  the  intestine,  are  attached  to  the 
intestinal  canal,  which  are  of  great  importance  in  the  verte- 
brate body.  These  are  the  salivary  glands,  lungB,  liver, 
and  numerous  smaller  glands.  A  pair  of  simpio  liver- 
pouches  (Fig.  59,  60, 1)  were  probably  present  even  in  the 
parent-form  of  Vertebrates.  The  walls  of  the  intestinal 
canal  ^d  of  all  these  appendages,  consist  of  two  very 
different  parts  or  layers ;  the  inner  cellular  coveri  iig  is  the 
intestinal-glandular  layer,  or  the  fourth  germ-layer;  the 
outer  fibrous  envelope,  on  the  other  hand,  proceeds  from 
the  third  germ-layer,  the  intestinal-fibrous  layer;  it  is 
mainly  composed  of  muscle-fibres,  which  effect  the  digestive 
movements  of  the  intestine,  and  of  a  tissue  of  connective 
fibres  forming  a  firm  covering.     Tl\e  mesentery,  a  thin* 
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ribboQ-Uke  layer,  by  wliicb  the  iDtestinal  canal  is  attached 
to  tlie  ventral  side  of  the  notochord,  is  a   conUnuation  of 
this.     In  adJition  to  this,  the  most  important  parta  of  the 
l)loo(l-ve8sel  system,  especially  the  heart,  and  the   greats 
arteriea,  also  develop  from  this  intestinal-fibrous  covering. 
In  Vertebrates  the  intestinal  canal,  as  a  whole  aa  well  ma 
in  its  separate  parts,  ia  modified  in  various  ways,  although 
its  original  very   simple   form  is   always  the  same, 
a  rule,  the   Intestinal  canal   is   longer,  often  many   timt 
longer,  than  the  body,  and  therefore  lies,  in  many  convoh 
tions,  enclosed  in  the  cceloma,  especially  in  the  back 
In  higher  Vertebrates  it  is  also  often   divided  by  vahi 
into  various  separate  parts;  the  parts  being  distingmabi 
as  the  mouth,  throat,  cesophagus,  stomach,  small  intestine, 
large  intestine,  and  rectum.    All  these  parts  arise  from  a  veiy 
simple  formation,  which  originally  (and,  in  the  Amphioxuq, 
permanently)  is  a  straight,  cyUodrical  canal  running 
front  to  rear  belnw  the  notochord. 

As  the  intestinal  canal,  in  a  moqihologieaJ  sense,  mny 
regarded  as  the  most  impoi-tant  organ  of  the  animal  bodi 
it  is  interesting  to  get  a  clear  conception  of  its  eseeni 
nature  in  Vertebrates,  setting  aside  all  non-essential  parta 
In  this  respect,  it  is  especially  necessary  to  give  dot 
weiglit  to  the  fact  that  tlie  intestinal  canal  in  all  Verte- 
brates shows  a  very  characteristic  division  into  two  partly 
a  front  half  (Fig.  59,  k)  which  serves  especially  for  re^im* 
tion,  and  &  hiud  half  which  serves  entirely  for  digestion 
{d).  In  all  Vertebrates  peculiar  clefts  appear,  tt,  a  very 
early  period,  on  the  right  and  left  sides  of  the  front  divi- 
sion of  the  intestinal  canal ;  these,  the  so-called 
ings  (Ice),  are  most  closely  connected    to    the   priuittii 


veiy 

9X09, 

>od]^ 

ntiafB 
)arta       ' 


TIIK   INTESTINAL  CANAL   I*J   PRIMITIVE   VERTKBRATES.    263 

respiration  of  Vertebrates.  All  lower  Vertebra  tea,  the 
Am]ihiijx»s,  Lampreys,  and  Fiahea,  continually  take  in 
water   through   the   mouth,  anil   let   it   pass   out   through 
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Fio.  50.-1118  ideal  Prioiitire  Verkibmtp,  socti  frum  Mie  tcFt  aide :  no. 
ia» ;  RH,  eje:  ^,  oari  nvl,  month  i  ii,  gill.upeniDi^ ;  i,  cliurda;  mr. 
^'ulUbe;  tjr,  gill ' Teasels :  l,  ^Il-iDteatine ;  hi.  heurt;  m«,  moeclea ; 
la.  alonuKih ;  i',  inteattnul  void  ;  e.  bodj- cavity  ]  n,  uortB;  (,  liver;  i,  amall 
iCartUU>[  s.  ovary  ;  li.  tvalea  1  n,  kidney  canal;  nS,  uaua  ;  Xk,  leather  akin  j 
t,  oaUir  *kir>  (ejiideriniB)  :  /.  skin-fuld,  acting  as  lin. 

the  lateral  o]M?nings  of  tlie  neck.  The  water  that  passes 
tlirough  the  mouth  serves  for  breathing.  The  oxygen 
contained  in  it  is  inhaled  by  the  blood-channela  which 
extend  along  the  "  gill-arches "  {kg"),  situated  between 
th«  gill-openings.  These  very  characteristic  gilt-openings 
and  gill-arches  are  found  in  the  human  embryo,  and  in 
the  embryos  of  all  higher  Vei-tebrates,  at  an  early  period 
their  development.  In  that  fonu  in  which  they  are 
retained  throughout  life  by  the  lower  Vertebrates.  In 
Uammals,  Birds,  and  Reptiles  they  never  act  as  tnie  organs 
of  respiration,  but  gradually  develop  into  very  different 
organs.  The  fact  that  they  originally  actually  exist  in  the 
same  fonu  as  in  Fishes,  is,  however,  one  of  the  most  interest- 
ing proofs  of  the  descent  of  these  three  higher  ckssea  of 
Vurtcbratcs  from  the  Fillies. 
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I^ot  less  interesting  and  significant  is  the  circtintstann 
that  the  later  respiratory  organs  of  Mamntals,  BiiiIk,  aihl 
Reptiles  develop  from  the  front,  or  respiratory  jtortinn  of  t 
intestinal  canal  A  bladder-like  fold  develop  at  an  et 
period  from  the  throat  of  the  emliryo,  and  soon  takes 
fonn  of  two  large  sacs,  wliich  arc  afterwanls  filled  w 
air.  These  sacs  are  the  two  air-breathing  lungs  which  b 
the  place  of  the  water-breathing  gills,  But  this  bladd 
like  fold,  from  which  the  lungs  arise,  is  simply  tha  ' 
known  air-filled  Itladder  which  is  called  the  swimnii; 
bladder  in  Fishes,  and  serves  thronghout  life;  as  a  bj'd 
static  organ,  a  swimming-apparatus  lightening  tin- 
gravity  of  the  Fish.  Human  lungs  are  a  modification 
the  swimming-bladder  of  Fishes. 

The  vascular  system  of  Vertebrates  stands  in  the  e 
morphological  and  physiological  relation  to  the  int^etii 
canal,  its  most  important  parts  being  developed  from  I 
intestinal-fibrous  layer.     It  consists  of  two  distinct  | 
which  an;,  however,  immediately  dependent  on  each  c 


Pie.  60.— Tileal  Primiti™  VBrtebnita,  ventnl  view:  no,  ihiMi 
eym;  g,  esr;  md,  month;  i,  (rill-boclT ;  ki,  friH-C'p'^iiin;  1^.  taa 
gill-oTcheB ;  hi,  heart  I  v,  iDt<MtiiiBl  vein;  mo,  itomMb  i  1.  Urcrj  4,  ■ 
inteetine;  of.  aniia ;  n.  primitiTe  kidnej'si  r.  (iTai7 ; 
cniitj  I  1119,  tnoftclcB ;  /,  skin-fuld,  auting  ai  BonA. 
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the  system  of  blood-vessels  and  the  system  of  lymphatic 
vessela  The  cavities  of  the  former  contain  the  red  blood ; 
those  of  the  latter,  the  colourless  lymph.  To  the  lymphatic 
system  belongs  the  coelora  (the  so-called  pleuro-peritoneal 
cavity) ;  and  also  numerous  lymphatic  ducts  which  extend 
through  all  the  organs,  absorbing  the  juices  which  have 
been  consumed  from  the  tissues,  and  conveying  them  into 
the  venous  blood.  Finally,  the  chyle- vessels,  which  absorb 
the  white  chyle  or  milky  nutritive  juice  prepared  by  the 
mtestines,  carry  it  into  the  blood 

The  blood-vessel  system  of  Vertebrates  is  developed  in 
various  ways,  but  seems  originally  to  have  existed,  in  the 
Primitive  Vertebrate,  in  the  simple  form  in  which  it  now 
permanently  exists  in  the  Ringed- worms  (Annelida) — for 
example,  the  common  Earth-worm — and  in  the  Amphioxus. 
Two  large  unequal  blood-channels,  which  are  originally 
situated  in  the  fibrous  wall  of  the  intestine,  and  which  run 
along  the  intestinal  canal  in  the  central  plane  of  the  body 
(one  underneath  the  intestinal  canal,  and  the  other  above), 
must  especially  be  regarded  as  essentially  and  originally  the 
most  important  pai-t  of  the  blood-vessel  system.  These  two 
principal  channels  give  lise  to  many  branches  which  traverse 
all  parts  of  the  body,  and  pass  into  each  other  in  curves  at 
the  anterior  and  posterior  ends  of  the  body ;  we  will  call 
them  the  primitive  artery  and  primitive  vein.  The  fonner 
represents  the  dorsal  vessels,  the  latter  the  ventral  vessels 
of  the  Worms.  The  primitive  artery  or  primordial  aorta 
(Fig.  59,  a)  lies  on  the  top  of  the  intestine,  along  the  central 
line  of  the  dorsal  side,  and  conveys  oxygenated  or  arterial 
blood  from  the  gills  into  the  body.  The  primitive  or 
primordial  principal  vein  (Fig.  CO,  v)  lies  below  the  intes- 
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tiae,  along  the  central  line  on  the  aide  toward  the  aLdnmon, 
and  conveys  carbonated,  or  venous  blood,  from  the  body 
hack  to  the  gills.  In  the  front  part  of  tlie  gill-division  of 
the  intestine,  these  two  main  channels  are  connected  by 
several  connecting  branches,  which  rise  in  the  form  uf 
arches  between  the  gill-openings.  These  "  vascular  gill- 
arches  "  (kg)  pasa  along  the  gill-openings,  and  directly 
accomplish  respiration.  Immediately  behind  their  base  the 
front  end  of  the  primitive  vein  enlarges  into  a  spindle- 8hape<i 
bladder  (Az).  This  is  the  simplest  rudiment  of  the  heart, 
which,  in  higher  Vertebrates  and  in  Man,  afterwards  •■•■ 
sumes  the  form  of  a  four-chambered,  pulsating  orgaa 

In  the  lowest  part  of  the  body-cavity  of  Vertebral 
on  the  under  side  of  the  dorsal  wall,  near  and  on  both  sidn 
of  the  notochord  and  the  mesentery,  lie  the  sesual  glands, 
which  form  the  reproductive  cells  ;  in  the  female  the  ovary. 
in  the  male  the  testis.  Recent  study  of  the  development 
of  these  parts  seems  to  show  that  the  original  formatioa 
of  the  sexual  glands  in  manlcind  and  in  all  other  Verte- 
brates, is  hermaphroditic,  or  sexless.  The  embryonic  glands 
of  the  Vertebrate  contain  the  rudiments  of  both  kinds  of 
reproductive  organs — the  ovary  of  the  female,  which  forms 
the  ovule;  and  the  testis  of  the  male,  which  forma  tlio 
sperm,  Tiiese  two  kinds  of  sexual  glands,  each  of  which  at 
a  later  stage  of  development  is  distributed  to  one  only  of 
the  two  sexe.%  are  originally  united  ia  the  embryo.  Thii 
fact  leads  us  to  the  conviction,  which  appears  probable  on 
other  grounds  also,  that  Vertebrates,  in  common  with  lower 
animals,  were  originally  hermaphrodite,  that  each  indi- 
vidual was  capable  of  reproducing  itself  indepcn  lently, 
that  the  separation  of  the  sexual  orj^ans  took  place 
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later  period.  We  may,  therefore,  assume  that  the  primitive 
Vertebrate  possessed  both  ovaries  (Fig.  60,  61,  e)  and 
testes  (k). 

Tio.  01. — Tmnirene  notion  through  the 
ptMteiior  put  of  the  ideal  FrimitiTe  TeHebrAto : 
/,  float;  mr,  Bpiiukl  tube;  a,  notochordj  nw, 
muclea ;  «,  ovariea ;  n,  primitiTe  kidney  dnota ; 
■,  bodj-BiteriM ;  d,  int«ttine  1  v,  intestiiial  Tein, 

The  aezual  organs  of  Vertebrates 
are  most  intimately  coimected  with  the 
primitive  kidneys,  two  glands  nimung 
along  near  the  notochord,  which,  in  the  embryo,  secrete  the 
urine,  and  in  Fishes  and  Amphibia,  remain  permanently  as 
minary  oi;gaiih."  In  higher  Vertebrates,  their  place  is  taken 
at  a  later  period  by  the  permanent  kidneys,  which  arise 
from  the  posterior  portion  of  the  primitive  kidney  ducts. 
In  their  earliest  and  simplest  form,  the  primitive  kidneys 
appear  to  be  a  pair  of  simple  ducts,  running  along  either 
«de  of  the  notochord  within  the  body-cavity,  and  having 
openings  at  their  posterior  ends  (Fig.  CO,  71).  In  this  form 
they  yet  appear  transiently  in  the  embryo  of  higher  Verte- 
brates, and  permanently  in  the  Worma 

The  organs  which  we  have  thus  enumerated  in  a 
general  survey  of  the  primitive  Vertebrate,  and  have  ex- 
amined in  relation  to  their  charaeteristic  positions,  ore 
those  parts  of  the  organism  which  are  relocated  in  all 
Vertebrates  without  exception,  in  the  same  mutual  rela- 
tions, though  they  are  modified  in  very  various  ways.  We 
have  turned  our  attention  principally  to  the  transverse 
section  of  the  body  (Fig.  5-1-56),  because  it  shows  most 
distinctly  the  peculiar  relative  positions  of  these  organs. 
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But,  in  order  to  perfect  our  picture,  we  must  turn  fw  » 
momeat  to  pay  special  attention  to  their  articulation  or 
metameric  structure,  which  is  best  seen  in  the  longitudiiul 
section  (Fig.  52,  53).  The  body  of  Man,  as  of  all  developed 
Vertebrates,  appeai-3  to  be  composed  of  a  string  or  cliaia  ol 
like  members  lying  one  behind  the  other  along  the  longi- 
tudinal axis  of  the  body.  In  Man  the  number  of  these 
like  segments  or  metamera  la  about  forty ;  in  many  Ver- 
tebrates, for  example,  in  Snakes  and  Kels,  it  ta  several 
hundred.  As  this  inner  articulation  corresponds  esaentiall; 
with  the  vertebral  column  and  the  muscles  surrounding  it, 
these  members,  segments  or  metamera,  are  called  primitive 
vertebne.  Now,  this  structure  of  these  primitive  vet- 
tebrae,  or  internal  metamera,  ia  correctly  regarded  &i  k 
prominent  characteristic  of  Vertebrates,  and  the  various 
forms  into  which  it  ia  differentiated  bear  greatly  ou  the 
diSerent  groups  of  Vertebrates.  But  in  our  present  task. 
that  of  tracing  the  development  of  the  simple  body  of  ihe 
primitive  Vertebrate  from  the  Gaatrula,  the  segments  d^ 
metamera  are  of  subordinate  aignific&Qce,  and  we  need  V^M 
deal  with  them  till  later.  ^M 

Putting  these  metamera  temporarily  aside,  I  think  tbai^ 
in  the  above  brief  description  of  the  essential  parts,  I  ha^e 
said  everything  necessary  as  to  the  fundamental  structure 
of  Vertebrates.  The  chief  organs  which  have  been  men- 
tioned are  the  original  and  most  important  parts,  nearly  >U 
of  which  are  to  be  found,  in  a  similar  form,  in  the  a^iolt 
Amphioxus,  and  which  re-occur  in  the  original  nidiment&iy 
germ  of  all  membera  of  this  tribe.  Many  very  important 
parts,  which  appear  to  be  entirely  essential,  will,  it  is  t 
be  missed  in  this  review.     As  I  have  already  remarked,  II 
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iipecialized  head  of  the  Vertebrate  with  skull  and  bram  is 
a  non-essential,  secondary  formation ;  and  the  same  may  be 
said  of  the  limbs  or  extremities.  Important  as  these  parts 
of  Man  and  the  higher  vertebrates  are  physiologically ,  they 
are  morphologically  unimportant,  for  originally  they  were 
absent,  and  they  develop  only  at  a  later  period.  The  older 
Vertebrates  of  the  Silurian  Period  had  neither  skull  nor 
brain,  and  were  entirely  without  limba 

If  we  pay  no  attention  to  those  parts  which  are  second 
arily  formed,  and  are  therefore  unimportant,  and  if  we 
provisionally  examine  only  the  essential,  primaiy  parts,  we 
shall  greatly  simplify  our  task.  This  task  is  essentially 
to  trace  the  described  oiganism  of  the  ''primitive  Verte- 
brate" from  the  simple  germ-form  of  the  Gastrula.  That 
simplest  Vertebrate  body  is,  as  is  usually  said,  composed  of 
two  symmetrical,  double  tubes ;  of  a  lower  tube,  the  body- 
wall,  which  surrounds  the  intestinal  tube,  and  of  an  upper 
tube,  spinal  canal,  which  surrounds  the  spinal  marrow. 
Between  the  spinal  tube  and  the  intestinal  tube,  lies  the 
notuchord,  the  most  essential  part  of  the  inner  axis  of 
the  skeleton  which  characterizes  the  Vertebrate.  This 
characteristic  arrangement  of  the  most  important  organs 
re-occurs  in  all  Vertebrates  from  the  Amphioxus  to  Man. 
(C£  Plate  rV.,  with  explanation.)  We  must,  therefore, 
now  examine  the  way  in  which  these  organs  develop  from 
the  two  primary  germ-layers  of  the  Gastrula,  and  from  the 
four  secondary  germ-layers  which  arise  by  fission  of  the  two 
primariea 

In  order  to  solve  this  difficult  problem  it  seems  desirable 
to  begin  with  a  statement  of  the  most  important  conclusions 
of  ontogenetic  study.    The  distant  goal  will  be  more  easily 
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readied  if  we  see  it  clearly  before  na.  I  will  now,  there- 
fore, mention  as  briefly  aa  possible  the  relations  which 
these  particular  organs  of  tlie  vertebrate  organism  bear  to 
the  four  diSerent  germ -layers. 

The  first  of  the  secondary  germ-layers,  the  skin-sennarr- 
layer,  produces, — firstly,  the  outer  covering  of  the  whol* 
body;  the  outer  skin,  or  epidermis,  and,  in  higher  Ver- 
tebrates, the  hair,  nails,  sweat  and  sebaceous  glands,  and 
all  other  parts  developing  secondarily  from  the  originally 
simple  outer  skin  (eptdermis).  In  the  second  place,  firom 
this  layer  arises  also  the  central  nerve-aystera,  the  meduUaiy 
or  spinal  canal.  It  is  remarkable  that  this  mental  organ 
develops  from  the  outer  surface  of  the  epidermis,  and,  only 
afterward.9,  during  the  ccurse  of  the  development  of  tie 
individual,  gradually  moves  inward,  bo  that,  at  a  ]»tcr 
period,  it  is  situated  internally,  surrounded  by  tnusc 
bones,  and  other  parts.  Thirdly,  the  primitive  kidney  i 
the  Vertebrate  which  secretes  the  urine,  probably  develflj 
from  the  outer  germ-layer.  It  may  be  presumed  that  { 
primitive  kidney  was  originally  a  secretory  gland  of  f 
skin,  like  the  sweat-glands,  and,  like  them,  developed  I 
the  outer  skin  (epidermia) ;  at  a  later  period  it  lies  < 
within  the  body. 

From  the  second  of  the  secondary  germ-layers,  the  a 
fibrous  layer,  arises  the  principal  mass  of  the  vertebi 
body,  namely,  all  those  parts  lying  between  the  epideMt 
and  the  inner  crtlom,  ond  forming  the  firm  body-wall. 
these  belong,  firstly,  the  leather-skin  (corium),  which  liefl 
at  the   surface   directly   under    the   epidermU, — the   firm, 
fibrous  covering  which  contains  the  nerves  and  blood-veeselt 
or  the  skin ;  secondly,   the  great  masses  of  muscle  of  th* 
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whole  trunk,  or  the  flesh,  surrounding  the  vertebral  column, 
and  consisting  of  two  main  groups  of  muscles ;  the  dorsal, 
or  upper  side-muscles  of  the  trunk,  and  the  ventral,  or  lower 
side-muscles  of  the  trunk.  To  these  must  be  added,  in  the 
third  place,  the  inner  skeleton,  which  is  especially  character- 
istic of  Vertebrates,  the  central  formation  of  which  is  the 
spinal  axis  or  notochord,  developing  at  a  later  period 
into  the  articulated  vertebral  column;  also  all  the  bones, 
cartilages,  ligaments,  etc.,  which  form  the  vertebral  skeleton 
in  all  more  highly  developed  Vertebrates,  and  are  connected 
by  the  sinews  and  muscles  belonging  to  it  Fourthly  and 
finally,  from  the  innermost  layer  of  cells  of  this  secondary 
germ-layer  develops  the  exoccelar,  that  is,  the  outer,  or 
parietal  coelom-epithelium,  the  cell-layer  which  forms  the 
inner  covering  of  the  body- wall,  and  which  is  also  probably 
the  original  site  of  the  male  sexual  cells. 

The  third  secondary  germ-layer  is  the  intestinal-fibrous 
layer.  From  this  is  developed,  firstly,  the  endocoelar,  that 
is,  the  inner,  or  visceral  ccelom-epithelium,  the  layer  of 
cells,  covering  the  outer  surface  of  the  whole  infestine,  pro- 
bably also  the  site  of  the  female  sexual  cells.  Secondly,  from 
this  layer  originates  the  heart,  and  the  great  blood-vessels 
of  the  body,  as  well  as  the  blood  itself,  so  that  it  has  been 
called,  in  a  peculiar  sense,  the  vascular  layer.  The  great 
hlood-channels,  or  arteries,  going  from  the  heart  and  the 
great  veins  passing  to  the  heart,  as  well  as  the  chyle-ves- 
sels, which  open  into  the  latter,  are  formed,  like  the  heart, 
the  lymph,  and  the  blood  itself,  from  this  third  germ- 
layer.  Thirdly,  arises  the  muscular  tube  of  the  intes- 
tines, or  the  mesenteric  tube,  that  is,  the  whole  of  those 
fibrous  and  fleshy  parts  which  form  the  outer  wall  of  the 
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intestinal  canal^  as  well  as  the  mesentery;  the  thin,  fibroiu 
membrane  by  which  the  intestinal  canal  is  connected  with 
the  ventral  side  of  the  vertebral  column. 

The  history  of  the  fourth  secondary  germ-layer,  or  the 
intestinal-glandular  layer,  is  veiy  simple  and  dear:  Its 
only  product  is  the  intestinal  cellular  covering,  or  the  Epi- 
thelium of  the  intestinal  canal  with  all  its  appendages,  tiie 
large  and  small  intestinal  glands,  among  which  are  the 
lungs,  liver,  salivary  glands.    (Of.  Plates  IV.,  V.) 


TABLE   VI. 

SjstemaUo  Sxarej  of  the  prinoipal  organs  of  the  ideal  Primitire  Tertebrate, 
the  hypothetical  parent-form  of  Vertebrates,  and  of  their  deyelopment 
from  the  germ-la jen. 


Primary  Oerm- 
layers. 


Secondary  Qerm- 
layers. 


Most  important  Organs  of 
the  Primitive  Yeztebrato. 


( 


t 
Skto-layer 
(ABimftl  genn-Uyer,    / 
BMr).  ^ 

ft  dtrwoZit.  if. 

SaodermA. 


Skin-sensory  layer 
(Sldn-ttratam,  BaerX 


or 


Senf  ory  layer. 
Laminm  mtuidtnmali$,  S, 


n. 

Skin-fibrous  Imyer 

(Fletb-fltratum,  Baer)» 
or 

Flesh-layer. 

lamina  inodcrmaUi,  M, 


i.  Ooter  tklii  (Spidermii\  A 
■iinple  cell-ooTering  of  the 
outer  Burfiioe. 

t.  Spinal  tube  (AtMw  wudul- 
larit)  (witli  the  organs  of 
sense :  the  nose,  ^es,  mjpau 
of  hearingV 

5.  PrimitiTe   Kidneys  {ProUme' 

pkra)  (a  pair  of  simple  ducts, 
primitive  kidney  ducts). 

4.  Tme  skin  (Ooriumi)  ((^i<iiand 
tubcutis). 

6.  Mnscles  of  the  tnmk  (doml 

and  ventral  mosdes). 

€.  Notocbord  (Cftorda  dorsolif). 

T.  Exocoelar.  or  Parietal  Coplora- 
epithelium  Tthe  inner  cell- 
covering  of  toe  bodv-wall). 

8.  Male  sexual  glands  (in»(es> 


Coeloma,  or  Body-cavity.  A  space  between  the  body-wall  and  the 
intestinal  wall,  between  the  exoderm  and  the  entoderm,  filled  with  lymph 
(ooloorless  blood). 


n. 

Intestinal  lavsr 
(Vcgetatlvs  germ- 

layer,  Dmt). 
lamina  gutrolU,  H, 

XntodeinA. 


nt 

Intestinal-fibrous  layer 

(Vascular  stratum,  Baer), 
or 

Vascular  layer. 
Lamina  inogattralit,  S. 


17. 

Intestinal-glandular  layer 

(Mucous  stratum,  Baer), 

or 

Mucous  layer. 
Lam:aa  mjfcogattralit,  M, 


14. 


16. 


Female  sexual  glands  (Oeary). 

Endocoelar,  or  Visceral  do- 
lom-epithelium  (the  outer 
cell-covering  of  the  intestinal 
tube.) 

Principal  blood-vessels  (primi- 
tive artery  or  dorsal  veawl, 
and  the  primitive  vein  or 
ventral  vessel). 

Mesentery. 

Muscular  intesflne  wall  (fl- 
broQS  intfstinnl  wall). 

Inte«t1nal  epithelium  (fnnel 
cell-covering  of  the  intostinar 
tube\ 

Intestinal  glandular  epithe- 
lium Oi^<*r-cellB  and  otber 
intestinal  glandular  osik). 


CHAPTER  X. 

THE  CONSTRUCTION  OP   THE  BODY  FROM  THE  GERM- 
LAYERS. 


rhe  Original  (Palingenetio)  Development  of  the  yertobimte  Body  inm 
the  Gasfcmla. — Relation  of  this  Process  to  the  Later  (Kenogenetio) 
Germination,  as  it  occurs  in  Mammals. — ^The  most  important  act  in  tbo 
Formation  of  the  Vertebrate. — The  Primary  Germ-layers,  and  also  Um 
Secondary   Germ -layers,  which    arise  by  Fission  of    the  Primariei, 
originally  form  Closed  Tubes. — Contemporaneously  with  the  Completiao 
of  the  Yelk-sac,  the  (^erm-layers  flatten,  and  only  later  again  assume 
a  Tubular  Form. — Origin  of  the  Disc-shaped  Kammalian  Germ-area. 
— Light    Germ-area    {area    pellucida)    and    Dark     Germ-are*    (arts 
opaca). — The  O^al  Germ-shield,  which  afterwards  assumes  the  Shape 
of  the  Sole  of  a  Shoe,  appears  in  the  Centre  of  the  Light  Germ-area 
(a.  pellucida), — The  Primitive  Streak  separates  the  Germ-shield  into 
a  Right  and  Left  Half. — Below  the  Dorsal  Furrow  the  Centxal  Germ- 
layer  parts  into  the  Notochord  and  the  Two  Side-layers. — The  Bids- 
layers  split  horizontally  into  Two  Layers :  the  Skin-fibrous  layer  aad 
the  Intestinal-fibrous  layer. — ^The  Primary  Vertebral  CardB  separate  from 
the  Side-layers. — The  Skin-sensory  Layer  separate*  into  Three  Faits : 
the  Homy  Layer,  Spinal  Canal,  and  Ptimitive  Kidney. — Formation  of 
the  Caelum  and  the  First  Arteries. — The  Intestinal  Canal  proceeds  from 
the  Intestinal  Farrow. — The  Embryo  separates  from  the  Germ-resicle. 
— Around  it  is  formed  the  Amnion-fold,  which  ooalesoes  orer  the  back 
of    the    Embryo,  so  as  to  form  a  Closed  Sac.— The  Amnion. — The 
Amnion-watcr. — The  Yelk-sac,  or  Narel- vesicle. — ^The  Closing  of  the 
Intestinal  and  Ventral  Walls  occasions  the  FocmatioQ  of  the  NaTeL— 
The  Dorsal  and  Ventral  Walls. 

"  The  development  of  the  Vertebrate  proceeds  from  an  axis  upward,  in 
two  layers,  which  coalesce  at  the  edges,  and  also  downward,  in  two  lajen, 
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which  likewise  coalesce  at  the  edges.  Thus  two  main  tubes  are  formed,  one 
above  the  other.  During  the  formation  of  these,  the  embryo  separates  into 
strata,  bo  that  the  two  main  tubes  are  composed  of  subordinate  tubes  which 
•nolose  each  other  as  fundamental  organs,  and  are  capable  of  developing 
into  all  the  organB."— Kakl  Ernst  Baer  (1828). 

The  mammalian  egg,  in  the  stage  of  development  in  which 
we  left  it,  presented  an  extremely  important  and  remark- 
able germ-form,  the  Gastmla  (Fig.  41,  p.  213,  and  Plate  II. 
Fig  17).  The  whole  body  of  this  globular  Gastrula  con- 
sistB  solely  of  the  two  kinds  of  cells  which  compose  the 
two  primary  germ-layers.  A  single  stratum  of  lighter- 
coloured  and  jBrmer  cells  forms  the  outer  germ-layer,  and  con- 
stitutes  an  outer  covering  over  the  whole  surface  of  the  body 
of  the  Gastrula.  The  whole  interior  of  the  latter  is  filled 
by  the  darker  and  softer  cells  of  the  inner  germ-layer:  it 
is  only  at  a  single  point  that  these  latter  cells  appear  at 
the  outer  surface  of  the  spherical  body ;  this  point  is  the 
mouth  of  the  Gastrula,  the  primitive  mouth  (protostoma, 
Fig.  41,0).   . 

It  is  no  easy  task  to  explain  how  the  complex  mamma- 
lian oiganism  originates  from  this  simple  Gastrula.  In 
ocder  to  lighten  the  task,  we  have,  as  a  preliminary,  made 
oonelves  acquainted  with  the  typical  structure  of  the 
simple  primitive  Vertebrate  (Fig.  52-56,  p.  256).  We  chiefly 
based  our  study  of  that  directly  on  the  real  conditions 
which  may  yet  be  actually  seen  in  the  structure  of  the 
body  of  the  lowest  extant  Vertebrate,  the  Amphioxus.  In 
most  important  points  of  internal  organization  we  may 
regard  the  Amphioxus  as  a  correct,  palingenetic  picture  of 
the  long-extinct  parent-form  of  all  Vertebrates,  the  form  to 
which  the  origin  of  Man  must  also  be  referred.  It  is  only 
in  a  few  unimportant  points  that  the  Amphioxus  appears  to 
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Fio.  66. — D»  The  bodj-oavitj  appears  between  tbe  skin-laje?  and  the 
Intosiinal  layer. 

Fio.  66L — B,  The  notoohord  appears  between  the  spinal  foiTow  and  the 
iniasfcineu 

WlQ.  07. — F.  The  primitiTe  kidneys  and  primitiTe  TertebrsB  appear ;  the 
spinal  tobe  is  closed. 

Fie.  68.— 0.  The  mdimenis  of  the  seznal  organs  appear  near  the  primi* 
tive  kidneys.  The  primitiTS  Tertebne  sorroond  the  notochord  and  the 
qnnal  tuba. 

Fio.  69. — H.  The  main  blood-yessels  appear  above  and  below  the  intestine. 

The  letters  indicate  the  same  parts  in  all :  d,  the  intestinal  cavity ;  dd, 
the  intestinal-glandnlar  layer;  df,  the  intestinal-fibrous  layer;  9,  mesen* 
ieiyi  y,  female  germ-glands  (mdimentary  ovary) ;  m,  male  germ-glands 
(mdiflBentaiy  testes);  a,  aorta  (primitive  artery);  vd,  intestinal  vein 
(primiiiTo  vein) ;  ve,  cardinal  vein ;  eh,  notoohord ;  uw,  primitive  ver- 
iefansi  Wg  Tertebrss;  rm,  dorsal  mnsoles;  bm,  veiitral  mnsolea;  u,  primi* 
tivo  kidneys;  11^,  spinal  furrow;  mr,  spinal  tnbe;  hs,  bom-plate.  In  all, 
the  foor  secondary  germ*layers  are  indicated  by  shading :  the  intestinal 
giandolar  layer  (dd)  is  dotted.  The  intestinal-fibrons  layer  (df)  is  perw 
peodicnlarly  shaded.  The  skin*fibroas  layer  (h/)  is  horizontally  shaded. 
Tbe  skia-sensocy  layer  (h§)  is  b^aok. 


be  kenogenetically  altered,  and  we  must  suppose  that 
the  conditions  were  originally  different.  This  is  equally 
true  of  the  very  important  germ-history  of  this  lowest  Ver- 
tebiata  In  a  later  chapter  (XIV.)  we  shall  enter  into  the 
details  of  thi&  Hei*e,  however,  we  may  base  our  argument 
on  this  germ-history  so  far  as  we  are  able,  from  a  compara" 
Hve  study  of  the  germination  of  the  various  Vertebrates,  to 
form  an  approximate  conception  of  the  course  of  individual 
evolution,  as  it  originally  occurred  in  the  oldest  and  simplest 
Vertebrates.  Only  after  we  have  gained  a  general  view  of 
this^  can  we  turn  to  the  far  harder  task  of  tracing  the 
construction  of  the  mammalian  organism,  and  especiallj 
that  of  Man,  from  the  Gastrula. 

The  palingenetic  Bell-gastrula  of  the  Amphioxus  (Fig 
88,  p.  193)  affords  a  safe  starting-point    A  series  of  disr 
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gnimmatic  transverse  sections  through  thoae  genn-formi 
which  first  develop  from  the  Gastrula,  will  best  and  most 
easily  afford  us  the  desired  view.  (Cf.  Fig.  62-69, 
Plates  IV.,  V.)  In  the  first  place,  a  third  layer,  the  midd) 
layer,  or  fibrous  layer  (mesoderma,  Fig-  03  mfc),  i 
tween  the  two  primary  germ-layers  of  the  Gastrula  (Firi 
62).  Then,  this  three-layered  stage  is  followed  by  one  in 
which  there  are  four  layers  (Fig.  6t).  Ae  we  have  a 
stated,  each  of  the  two  primary  germ-layers  probabl 
originally  contributed  to  the  formation  of  the  middle  Iay< 
{m^oderma),  although  it  is  usually  asserted  that  the  latt«r 
originates  from  one  only  of  the  former.  It  is  probable  that 
the  exoderm,  or  skin-layer  (e),  separated  into  the  skin- 
sensory  layer  (As)  and  the  skin-fibrous  layer  (hf),  anJ 
correspondingly,  the  entoderm,  or  intestinal  layer,  into  tbr 
intestinal-fibrous  layer  (df)  and  the  intestinal-glandular 
layer  (dd).  J 

When  the  four  germ-layers  ore  completed,  tlie  form  |B 
the  Gastrula,  which  had  but  one  axis,  has  become  synunej" 
trically  bilateml  (cf.  p.  2.^7).     In  consequence  of  the  body 
becoming  fiat,  a  distinction  is  formed  between  the  dorsal 
and  ventral  sides,  between  the  right  and  the  left.     Panlli-1 
with  the  axis  of  length,  a  delicate  streak,  the  indication  nf 
a  furrow,  appears  in  the  centre  of  the  dorsal  side.     The  sidt 
walls  of  this  furrow,  which  is  called  the  "  spinal  fiurow  * 
(m/),  rise  in  the  form  of  two  parallel  ledges  (Fig,  66  mf} , 
these  are  the  spinal  swellings  (medullary  or  dorsal  swdt^ 
ings).     Their  two  parallel  edges  bend  toward  each  otli 
(Fig.    66  m/)   and    finally   coalesce,  so  that  the 
becomes  a  tube ;  this  is  the  spinal  tube  (Fig.  67  ' 
Along  the  longitudinal  axis  of  the  body,  a  solid  cyli 
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eord  arises  between  the  spinal  tube  and  the  intestinal  tube ; 
this  is  the  notochord.  or  chorda  (ch).  It  originates  from 
the  central  portion  of  the  skin-fibrous  layer,  while  the  side 
portions  of  the  latter  supply  the  true  skin  and  the  great 
part  of  the  flesh.  This  flesh-mass  separates  into  the  dorsal 
masdes  (Fig.  68,  69  rm)  and  the  ventral  musdes  (6m). 

The  separation  of  the  four  secondary  germ-layers  is 
followed  by  a  separation  between  the  skin-flbrous  layer  (hf) 
and  the  intestinal-fibrous  layer  (df).  Between  the  two, 
a  diink-like  cavity,  filled  with  fluid,  arises ;  this  is  the  true 
body-cavity  (ccdorrui,  Fig.  65-69  c).  The  intestinal  tube  lies 
freely  in  this,  being  only  supported  along  the  length  of  the 
notochord  by  a  band  of  the  intestinal-fibrous  layer,  which 
afterwards  extends  into  the  mesentery  (Fig.  68  g).  Two 
narrow  canals,  fillei  with  blood,  form  within  the  intestinal- 
fibrous  layer,  and  traverse  the  whole  length  of  the  intestine, 
one  passing  underneath,  and  the  other  above ;  these  are  the 
first  blood-vessela  The  upper  of  the  two  is  the  dorsal 
vessel  (Fig.  69  a),  the  latter  is  the  ventral  vessel  (yd) ;  the 
one  afterwards  gives  rise  to  the  aorta,  the  other  to  the 
intestinal  vein  and  the  heart 

Finally,  the  first  rudiments  of  the  urinary  and  sexual 
glands  make  their  appearance  on  either  side  of  the  in- 
testinal tube  and  the  notochord  attached  to  the  dorsal 
wall  of  the  body-cavity.  The  primitive  kidneys  (u)  re- 
semble two  narrow  canals,  traversing  the  body,  parallel 
to  the  notochord,  opening  at  the  anterior  end  into  the 
body-cavity,  and  at  the  posterior  end  through  the  outer 
skin  (or  in  the  last  chamber  of  the  intestine).  They 
probably  originally  arose  as  skin-glands,  formed  by  an 
inversion  of  the  skin-sensory  layer  (Fig.  66-68  u).      In 
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their  mniediate  neighbourliood  are  the  sexual  organs,  in  i 
form  of  simple  heaps  of  cells,  which  are  attached  to  t 
body-wall,  near  tlie  mesentery.    Presumably,  they  original 
as  hermaphrodite  glands,  the   female  gland  (y)  from   the 
inner,  the  male  gland  (x)  from  the  outer  germ-layer.     The 
former  becomes  the  ovary,  the  latter  the   testes.     Simn! 
taneously  with  these  changes,  the  spinal  tube  has  completelj 
detached  itself  from  its  original  site,  the  skin-seofiory  laycL 
and  bos  made  its  way  far  into  the  body.     A  sheath  I 
formed  round  the  notochord,  and  processes  from  this  "  noit, 
chord  sheath  "  grow  round  the  spinal  tube,  imbedding  it  i| 
a  vertebral  canal  (Fig.  68,  69  w). 

If,  for  a  moment,  we  leave  the  transrerse  sections,  a 
trace  the  evolution  of  the  primitive  Vertebrate  in  longi- 
tudinal sections,  we  see  that  at  a  very  early  period  thu 
intestinal  tube  is  divided  into  a  gill-intestine  and  a  stomach- 
intestine,  in  consequence  of  the  appearance  of  gills  in  I 
anterior  portion.  The  primitive  mouth  of  the  Gastr 
closes ;  the  two  permanent  openings  of  the  future  tnt^ioi 
arise  as  new  formations  from  the  exterior;  the  mouth  in 
front,  the  anus  behind.  Moreover,  the  outer  body-wall 
becomes  articulated,  owing  to  tho  fact  that  the  fleshy  mnss 
of  the  trunk-muscles  assumes  the  form  of  a  number  of 
similar,  consecutive  portions,  segments,  or  metamcra.  Ia_ 
correspondence  with  these,  each  of  the  respective  portioi 
of  the  nerve  and  vascular  systems  becomes  distinct 

The  following  processes  must,  therefore,  be  empbaf 
as  the  chief  acts  by  which  tho  simple  Gastrula  changes  ii 
tlie  typical  vertebrate  organism :  1.  The  two  primary  g 
layers  part    by  fission    into   four  secondary  germ-layei 
2.  The  Qastrula  becomes  flattened,  so  that,  instead  of  »  for 
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with  a  single  axis,  it  assumes  the  bilateral  vertebrate  form. 
3.  The  body-cavity  (coeloma)  arises,  in  consequence  of  the 
disconnection  of  the  skin-fibrous  layer  and  the  intestinal- 
fibrous  layer.     4.  Along   the  central  line  of   the  dorsal 
miiface  the  nerve-centre  appears  in  the  form  of  a  trench- 
shaped  furrow;  it  then  changes  into  the  spinal-tube  and 
completely   detaches  itself  from    the   skin-sensory  layer. 
6.  Immediately  below  the  spinal  tube,  the  notochord  origi- 
nates from  the  central  part  of  the  skin-fibrous  layer,  while 
the  side  parts  of  the  same  layer  form  the  true  skin  and  the 
trunk-muscles;  the  latter  articulate  themselves  into  meta- 
mera.     6.  In  the  outer  stratum  of  the  intestinal  wall,  in 
the  intestinal-fibrous  layer,  originate  the  main  blood-vessels, 
a  dorsal  vessel  (aorta)  above  the  intestinal  tube,  and  a  ven- 
tral vessel  (primitive  vein)  below  the  latter.    7.  The  intes- 
tinal tube  separates  into  two  main  parts ;  the  gill-intestine 
in  firont^  the  stomach-intestine  behind.     Several  gill-open- 
ings  form  on  either  side  of  the  gill-intestine.     8.  The 
intestinal  tube  acquires  two  new  openings,  a  mouth  in  Iront, 
.an  anus  behind ;  the  original  primitive  mouth  of  the  Qas< 
irula  doses.    9.  Close  by  the  intestine  and  notochord,  and 
on  either  side  of  them,  arises  a  tube  which  separates  urine, 
and  which  opens  into  the  body-cavity  in  front,  outside  the 
body  in  the  rear ;    this  is  the  primitive  kidney  canal. 
10.  Close  by  this  canal,  between  it  and  the  notochord,  develop 
the  rudiments  of  the  sexual  glands  (the  testes  and  ovary), 
in  the  form  of  roundish  cellular  masses,  which  penetrate 
^rom  the  wall  of  the  body-cavity  to  this  position  (the  un- 
defined boundary  of  the  skin-fibrous  layer  and  the  intestinal- 
horous  layer).*^ 

These  chief,  fundamental,  and  palingenetic  acta  in  the 
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evolution  of  the  individual  the  assumptioD  of  which 
justified  by  the  comparative  germ-history  of  Vertebrate!, 
re-occur  essentially  in  all  branches  of  this  tribe,  though  in 
single  cases  they  are  more  or  lens  changed,  or  ken ogeneti cull j 
modified.     In   their  simplest  and   earliest   form,  which  is 
certainly  mainly  palingi^netic,   we  yet  find   them 
A  mphioxus ;  in  the  Round-mouths  (Cyclostomi),  Fiahea,  ai 
Amphibia  thoy   have  already  become  much  changed 
vitiated,   kenogenetically   transformed ;    and    this   b   tni« 
in  a  much  greater  degree  of  the  three  higher  vertebrst* 
classes.  Reptiles,  Birds,  and  Mammals.    In  these  the  graih 
formation  of  a  very  large  nutritive  yelk  and  of  pecul 
egg-membranes    has    introduced    so    many    changes, 
secondary  kenogenetic  modifications,  that  at  fii-at  sight 
is  hardly  possible  to   recognize  the  primary  palingenctii 
incidents  of  evolution. 

In  these,  the  kenogenetic  relation  of  the  germ  to 
nutritive  yelk  is  especially  prominent,  and  till  quite  recent 
caused  on  entirely  false  conception  of  the  first  and  mi 
important  conditions  of  the  germ  of  the  higher  Vertebral 
introducing  many  false  views  as  to  the  Ontogeny  of  th( 
Previously,  the  germ-history  of  the  higher  Vertebrates 
universally  based  on  the  view  that  the  first  rudiment  of  the 
genu  is  a  flat  layer-shaped  disc ;  and  for  this  reason  ths 
cell  strata  which  compose   the   germ  disc  (also  called 
geiTQ-area)  were  called  "  gorm-Iayera."     This  flat  germ- 
which  is  at  first  circular,  afterwards  oval,  and  which 
hen's  egg  we  have  learned  to  call  the  tread  (( 
lies  at  a  particular  point  on  the  outer  suiface  of  the 
globular  nutritive  yelk,     When  germination  heg;)ns,  the 
germ-disc  archee  outwards  and  detaches  its  oater  surfad 
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I  from  the  large  yelk-ball   which  liea  beneath  it.     The  flat 
layers  become  tubes,  in  consequence  of  tht-ir  edges  inclining 


.. .-...n,  -., ,,.,„;,;,„,„,„,..  ,.      ,1.  Tlio  Kerra-disc  ('■.'!/) 

ImK  Dal  iH>  .mo  side  uf  Hid  iutMliiuJ  8erm.Te«ifiB  {kli).  B.  Tbu  npinal  lube 
(mr)  Bppo«n  la  the  ccntro  of  thu  germ-disc,  bdiI  Duilorneatli  Oils  llie 
ttotochdrd  (eh),  C,  The  intoatiiml-BbroQe  lajer  (df)  has  pMWn  rouud 
UtB  intestinal 'gUndalir  layer  (rfdj.  D.  The  akin-KhmriB  Injur  [hf)  ntiil  liiu 
iiilMtinalflliniiu  Ujor  [dj)  aoparMe  in  the  nalvr  wnlh  the  ioLestmc  (•! ) 
bA|r'n>  (•>  >n|ii>nile  itwlf  rrutn  thu  nBiral-veHialu  (nt).  £.  The  iiite»tiruk1  tube 
(mr)  la  clu«od  ;  tbe  body-ctvitf  (r)  bepns  to  form.  P.  The  priuitito  verw- 
bnn  (ur)  wpBiHtc  ;  the  intmtine  (<i]  ii  ftlmiMt  entirely  cltined.  O.  The 
priniitivu  vortebm  (u)  br^n  to  grow  round  the  ■pinkl  tnbe  (nir)  and  the 
notoohord  [eli);  tbe  mtestino  (J)  U  Bepunlc  frum  the  navel -vesiele  {fi). 
U.  Tlw  Torlcbne  (ic)  liare  ktowu  ruand  the  apinul  tube  (mr)  uid  iJic  nolo-' 
«tinnl  i  tlin  Uxly-citritj-  {r)  U  cliweil,  the  navel •vesiule  baa  dimppcarrd.  The 
ftit'Dlon  mid  MniuH  inambraun  aro  nmittod. 

In  all.  t' e  loltera  jndioalo  tho  aainD  part< :  K  hDm-pUte ;  nf,  spinal 
tube  I  V-  akin-fibintu  layer ;  «•,  priraitice  vcrltbne  i  ch,  nuluclionl .  e,  b">iiy- 

'ity  (talimni ;  df,  intestinal -tibruns  Inyer  ;  dJ,  iutontitial-glaniliilar  iiij'er) 
dfiuuMaal  Qavit7  i  nb,  nuvut.rnsioie. 
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towards  each  otber  and  coalescing  (Fig.  70).  Tlie  gerai 
grondng  at  tlie  expense  of  the  nutritive  yelk,  the  latter 
continually  becomes  smaller)  it  is  completely  surrouO'iM 
by  the  growth  of  the  genu-laycra.  At  a  lat«r  period  tbc 
remnant  of  the  nutritive  yelk  forms  only  a  small  gl'iliular 
Boc,  the  yelk-sac,  or  navel-sac  (saccus  vittdinus,  or  ve^aiia 
uvibilicalis.  Fig.  70  nt).  This  is  surrounded  by  the  tnte^ 
tinal  layer,  and  connected  with  the  central  portion  of  tlw 
intestinal  tube  by  a  thin  stalk,  tho  yclk-duct  (i/udiu 
vitellinus),  and,  in  most  Vertebrates,  is  at  la«t  complet^lv 
absorbed  by  the  intestinal  tube  (Fig,  70  //).  The  point  at 
which  this  happens,  and  at  which  the  intestine  finallv 
closes,  IB  the  intestinal  navel  In  Mammals,  in  which  tliv 
remnant  of  the  yelk-sac  remains  outside  and  gradually 
dwindles,  the  yelk-duct  pierces  the  outer  ventral  wall  to  the 
last.  The  navel  cord  parts  at  biith  at  this  point,  which  per- 
manently remains  as  tho  navel  (umfci/jcus)  in  the  outers] 

As  in  the  germ-history  of  the  higher  Vertebrates,  b 
chieHy  on  that  of  the  Chick,  the  distinction  betwetta  I 
germ  (or  fonnative  yelk)  and  the  nutritive  yelk  (01 
sac)  has  up  to  the  present  time  bo(;n  regarded  as  origini 
the  flat,   leaf-shaped  rudiment  of  the  germ-disc  1 
necessarily  been  regai-ded  as  the  ori^nal  genn-form,  an-l 
the  greatest  weight  has  been  laid  on  the   fact  that  thcM 
Hat  germ-layers  curve,  and  thus  become  hollow  trenchci 
and  that,  by  the  concrescoQce  of  their  edges,  they  I 
closed  tubes. 

This  view,  which  has  governed  all  past  expositions  4 
the  genn-history  of  the  higher  Vertebrates,  is,  1 
vinced,  entirely  false.     For   the   Gastr»:a  Theory,  the  1 
significance  of  which  now  becomes  evident,  teaches  on  I 
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the  real  state  of  the  case  is  originally  just  the  opposite. 
The  Gastrula,  in  the  body-wall  of  which  the  two  primary 
germ-layers  appear  from  the  first  as  closed  tubes,  is  the 
original  germ  form  of  all  Veitebrates,  as  of  all  Invertebrate 
animals;  and  the  flat  germ-disc,  with  its  flatly  extended 
geim-layers,  is  a  later,  secondary  germ-form,  which  arose 
in  consequence  of  the  kenogenetic  formation  of  the  largo 
nutritive  yelk,  and  the  consequent  extension  of  the  germ- 
layers  over  the  surface  of  the  latter.®*  The  curving  of  these 
geim-layers,  which  actually  occurs,  and  their  coalescence 
into  tubes  is,  therefore,  not  original  and  primary,  but  a  much 
later,  tertiary  incident  of  evolution.  Accordingly,  the  three 
following  stages  of  germ-formation  must  be  distinguished  in 
the  Phylogeny  of  Vertebrates : 


A.  First  Stage: 

Primary 
(Piftlingenetic) 
Prucess  of  Germ- 
formation* 


From  the  firiit,  the 
germ-lajersform  closed 
lobes. 

No  natrltiTe  jelk. 


B.  Second  Stage : 
•  Seoondarj 
(Kenogenetic) 

Process  of  Germ, 
formation. 


^h'e  germ.lnjers 
spread  themselves  oat 
in  the  form  of  a  lc>nf, 
in  consequence  of  the 
formation  of  a  lar^ 
jclk-sao  from  the  cen- 
tre of  the  intestinal 
tabtt. 


C  ITiird  Stage : 

Tertiary 
(Kenogenetic) 
Process  of  Germ- 
formation. 


The  germ-layers  form 
a  flat  germ-diHC,  the 
edp^es  of  which  incline 
toward  each  other,  and 
ca-ilesoe  into  n  closed 
tube. 


If  this  view  is  correct,  and,  as  the  logical  conclusion 
from  the  Gasti*8ea  Theory,  I  am  obliged  to  believe  it  is  so, 
then  the  explanation  of  the  process  as  at  present  accepted 
must  be  exactly  reversed.  The  yelk-sac  must  no  longer 
be  treated  as  though  it  were  ori;:^inal]y  distinct  from  the 
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germ  or  embryo,  Lut  as  essentially  a  part  of  the  latter,* 
part  of  it^  iutestiual  tube.  According  to  Uii^  Tiew,  tlm 
primitive  intestine  (protogaeter)  of  the  Gastnila  of  the 
higher  animals  has  eeparated,  in  consecjuence  of  the  keno- 
genetic  formation  of  the  nutritive  yolk,  into  two  differeut 
parts :  the  aftor-intestine  {metagaisitr)  or  the  permani 
intestinal  canal,  and  the  yelk-sac  or  navel-veeicle. 

If  the  germ-historiea  of  the  Amphloxus,  the  Frog, 
Chiek,  and  the  Rabbit  are  comparatively  studied  (PUt«8 
in.),  I  am  convinced  that  there  can  be  no  doubt  as  to 
correctness  of  this  view,  which  I  have  thus  explained, 
the  light  afforded  by  the  Gastr.'ea  Theory  we  shall  regard 
the  structural  proportions  of  the  Amphioxus  alone  of  all 
Vertebrates,  aa  original  and  but  slightly  varied  from  the 
palingenetic  germ-forms.     In  the  Frog  titese  proportions  are 
on  the  whole  but  slightly  kenogenetically  altered.     la  the 
Chick,  on  the  contrary,  they  are  very  much  altered,  anJ 
most  of  all  in  the  Rabbit.     Both  in  the  Bell-gastrula  of  the 
Amphioxus  and  in  the  Hood-gastrula  of  the  Frog,  the 
layers  are  visible  from  the  first  in  the  form  of  closed  ti 
(riat«   II.  Fig.  6,  11).     But,  on  the  other  hand,  the 
bryonic  Chick  (in  the  freshly-laid,  unincubated  egg)ap| 
in   the  fonn   of  a  flat,  circular   disc ;   it  was   only 
recently  that  the  true  gastrula-character  of  this  germ- 
was  recognized  by  Bauber  and  Goette."     This  Disc 
grows  and  surrounds  the  bnge  globular  yelk,  and  the  al 
intestine  (■mctagaster)  parts  off  from  the  external  yelk 
in  those  two  processes  all  that  is  diagrammatically  re] 
eented  in  Fig.  70  is  accomplished ;  and  these  are  the 
ceesea  which  have  been  regarded  as  main  acts,  tliuu;rh 
are  in  reality  only  secondary  acta. 
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In  Mammals  the  corresponding  germinal  processes  are 
very  complex  and  peculiar.  Till  quite  recently  they  were 
entirely  wrongly  explained;  the  recently  published  researches 
of  Eduard  van  Beneden  ®  which  placed  them,  for  'the  first 
time,  in  a  true  light,  enabled  us  to  bring  them  into  agree- 
ment with  the  principles  of  the  Gastraea  Theory,  and  to  trace 
their  relation  to  the  germination  of  the  lower  Vertebrates. 
Although  there  is  no  independent  nutritive  yelk,  distinct 
from  the  formative  yelk,  in  the  mammalian  egg,  and 
although  the  cleavage  is  therefore  total,  a  large  yelk-sac 
arises  firom  the  embryo  which  ia  produced  by  this  cleavage, 
and  the  true  germ  spreads  itself  in  a  layer-like  form  on  the 
surface  of  this  yelk-sac,  as  in  the  case  of  Reptiles  and  Birds, 
the  eggs  of  which  have  a  large  nutritive  yelk  and  imdergo 
partial  cleavage.  As  in  the  latter,  the  fiat,  leaf-shaped 
germ-disc  of  Mammals  detaches  itself  from  the  yelk-sac, 
its  walls  incline  towards  each  other  and  coalesce  into  tubes. 

This  striking  contradiction  can  only  be  explained  as  a 
consequence  of  very  peculiar,  strange,  kenogenetic  modi- 
fications of  the  germ,  the  causes  of  which  are  not  yet  fully 
explained.  They  are  evidently  connected  with  the  fact 
that  the  ancestors  of  the  viviparous  Mammals  were  Amnion- 
animals,  which  laid  eggs,  and  which  only  gradually  became 
viviparous.  When  the  Hood-gastrula  (Aviphigastmla)  of 
the  Mammal  is  complete  (Fig.  71),  it  changes  into  a  large 
globular  vesicle,  filled  with  fiuid.  According  to  Van 
Beneden,  this  happens  in  the  following  way  :  The  Gastrula- 
mouth  disappears  in  consequence  of  the  entoderm-cell  (o), 
which  formed  the  yelk-plug,  disappearing  into  the  interior, 
to  the  other  cells  of  the  intestinal  layer  (c2).  The  mam- 
malian germ  now  forms  a  solid  ball,  consisting  of  a  quantity 
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of  dark,  multilateral  entiiderm-cellfi  (i),  and  coverwl  by  i 
light-coloured  globular  membrane,  which  is  coiuj>oHe<l  iif  ■ 
single  stratum  of  exoderm-celts  (e).     A  traiHparest  bri^ 
coloured  liquid  now  collocts  at  a  point  between  the  t 
geiTti-layers ;  and  this  increases  bo  greatly  that  it  expi 
the  exoderm  cellular  membrane  into  a  large  globular  veiaid 
The   mass  of    entoderm-cclls.  forming    a   liall    of 
diameter,  remains  attached  to  one  point  of  the  pxodet 
(according  lo  Van  Bcneden,  thia  point  ia  that  of  the  y«l 
plug,  o).     The  entoderm  mass  now  becomes  natt<'ncd.  i 
assuming  a  hemispherical,  then  a  I  en  til -shaped,  and  fim 
a  discoidal   form :    thi»   is   accomplished   liy   a   mow-: 
atnong  the  cells,  which  spread  themselves  out   iii  i 
layered  circular  disc 


Pin.  71.— OMtrnta  of  a 
itikI  [Ampliirtattriila  iif  a  B»Mj 
in  lonijitiuliiiiU  sectinii  IbiW 
tho  BXia  :  e,  cxo(lenn<^«|]i  j 
lighlrr.o)ilotuv>l  And  a 
Fnt4)itenn-c«ll>  (3S,  dariiBr  bbJ 
lar)^)  i  d,  (vnlml  eotudmn-njli, 
oocuiij'iDK  tlin  {iriRiiiin-  inti*- 
linal  (svitv  ;  ■>,  p«ri{il»ric  mm- 
derm-MlI*.  (titling  tho  |irinii- 
tivn    Dioulb-ojieuing    (the    ^"[k- 

plug  in  the  "atitu  of  Itiucoin",). 


This  vesicular  condition  of  the  mammalian  gonn  was 
detected  two  centuries  ago  (1677)  by  Regner  Je  Omaf  He 
discoveR'd  small,  globular,  transparent  vesicles,  with  a 
double  membrane,  lying  free  in  the  uterus  of  a  Rabbit  four 
days  after  imprt^ation.  But  Graafs  statwmeDt  was  not 
accepted.     It  was  not  till  1827   that  thes«  vesicles  wn 
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rc -discovered  by  Baer ;  those  of  the  Rabbit  were  afterwards 
more  minutwly  described  by  Bischoff,  in  1842,  Tliey  mav 
lie  found  in  tlie  uterus  (raatrixj  of  the  Rabbit,  the  Dog,  and 
other  small  Mammals  within  a  few  days  after  impi-e^nation. 
The  ripe  mammalian  eggs,  having  lei't  the  ovaiy.  ai-e  fer- 
tihited,  either  heii;  or  in  the  oviduct,  by  the  active  sperm- 
wUs  which  make  their  way  in.**  (On  the  uterus  and 
oviduct  cf.  Chapter  XXV.)  Cleavage  and  gastrulation 
take  place  within  the  oviduct  Either  while  the  mam- 
malian Gastrula  is  etiU  in  the  oviduct,  or  after  it  has  entered 
the  uterus,  it  changes  into  the  globular  vesicle  which  is 
represented   in  Fig.  72   {tlie   suiface)  and   in  Fig.  73  (in 


Pt«,  T^.—InUatinal  germ-»p«icle  (Ooffroryjfw)  of  a  Rabbit  (Ihe  ao-mlled 
"  (irrta-VMinte"  or  teiituta  Ututodtrmiea,  of  .ilhwr  writarg)  1  a,  eilCTtial 
rtcg-Biombruu!  (fh«-tnn)  i  6,Bkiii-l(ijer  (oroJirmo),  rormiiiK  tbo  whole  wall  of 
Ibe  tCoriD-xi^lk  vcwicln;   c,  hiMp  of  (Urk  ceils,  roi-tuiu);  tbe  inleittiaal  tajur 

Fio.  78.— Thp  nme  in  spctioii.  Tho  lelUirB  an  in  Fig.  7^  ^  ''.  boltuw 
•paoe  wttbin  the  inteBtinnl  nvrui-voaiclo. 


Miction).  The  thick,  external,  stnictureloss  membrnni*  which 
BUmjunils  this  is  a  moditication  of  the  original  efe^-raem- 
bnuiv    (sona  jwUutri'tla.  p,   135),  with   the   addition  of  an 
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btbuiuinoU8  stratum,  which  has  Ixjen  extoroally  iIc[WMit0 
In  future  we  shall  call  this  membrane  the  uutt^r  t-^-imii 
hrane,  the  primary  chorion  {prochoTion,  «J.  The  real  wb| 
of  the  veside,  suiToundeil  by  thb  onUfr  egg-memlin 
consists  of  a  sLiiiple  layer  of  exodemi-celU  (h),  which  havi 
been  regularly  Hatteued  by  mutual  presnure.  and  most  d 
which  are  hexagonal;  a  liglit-coloureJ  kernel  is 
through  their  6nely  granulated  protoplasm  (Fig.  74).     Olt^ 


Fici.   71.— Four  pxudcriti-arlla   from   tbe  inteninal   gvrni-rf^nFlF  <^  | 
rabbit. 

Flo.  75. — Two  eotedcrm-cellB  from  the  aauie. 

point  on  the  inside  of  this  hollow  sphere  lies  a  circular  db 
formed  of  darker,  softer,  and  rounder  cells,  of  the  ( 
granulated  entoderm -cells  (Fig.  75). 

The  characteristic  germ-form  in  which  the  dcvel 
Mammal  now  is  ha-s  usually  been  called  the  "  germ-ve 
{KeimhUise,  Bischotf) ;  the  "sac-germ"  (Bacr) ;  the  ' 
cular  embryo,"  or  the  "  genn-membmne  vesicle  "  {va 
Uastodenmca,  or,  brieHy,  bla»to9plurra).  Tlie  wall  o 
hollow  sphere,  consisting  of  a  single  cell-stratum,  wna  t 
the  "  germ- membrane,"  or  blastoderm,  and  it  was  sii]>|io 
t.0  be  eijuivalcnt  to  the  cell-stratum,  called  by  the  s 
name,  which  forms  the  wall  of  tlie  true  gemi-nK-uibn 
vesiclo  (SlasUila)  of  thu-  Amphioxus  (PUte  11.  Fig.  +).  a 
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of  many  Invertebrate  Animals  {e.g,  of  the  Monoxenia,  Fig. 
22,  F^  0).  This  true  germ-membrane  vesicle  has,  up  to  the 
present  time,  been  univeraally  regarded  as  homologous  with 
the  germ-vesicle  of  Mammals.  It  is  not  so,  however.  The 
so-called  "  germ-vesicle  "  of  Mammals  and  the  true  germ- 
membrane  vesicle  of  the  Amphioxus  and  of  many  Inverte- 
brates are  entirely  different  germ-forms.  The  latter  (the 
Blastida)  precedes  gastrulation.  The  former  {vesicula 
blcLstodermicd)  follows  gastrulation.  The  globular  wall  of 
the  blastula  is  a  true  germ-membrane  (Blaatodti'ma),  and 
consists  entirely  of  cells  of  one  sort  (blastoderm-cells) ;  it 
is  not  yet  specialized  into  the  two  primary  germ-layers. 
On  the  other  hand,  the  globular  wall  of  the  mammalian 
"germ-vesicle"  is  the  specialized  skin-layer  (exodei'ma), 
and  a  circular  disc  of  entirely  different  cells  lies  at  a  point 
on  the  inside  of  this ;  this  disc  is  the  intestinal  layer 
(etitodeiTna),  The  spherical  cavity,  filled  with  clear  liquid, 
in  the  interior  of  the  blastula,  is  the  cleavage-cavity.  On 
the  other  hand,  the  similar  cavity  in  the  interior  of  the 
mammalian  gei-m-vesicle  is  the  yelk-sac  cavity,  which  is 
joined  on  to  the  developing  intestinal  cavity. 

On  all  these  grounds,  which  have  been  very  recently 
brought  to  light  by  the  researches  of  Van  Beneden,  it  is 
very  necessary  to  recognize  the  secondary  "intestinal  gerni- 
vesicle  "  of  Mammals  {Gastrocystis)  as  a  peculiar  gcrm-iorm, 
occurring  only  in  this  class  of  animals,  and  as  quite  distinct 
from  the  **  germ-membrane  vesicle  "  (Blastula)  of  the  Am- 
phioxus and  of  the  Invertebratea  The  wall  of  this  mam- 
malian "  intestinal  germ-vesicle "  consists  of  two  distinct 
parts.  Far  the  larger  part  is  one-layered,  and  is  fonned  by 
the  exodeim.     For  the  smaller  part,  the  circular  disc,  which 
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IB  formed  of  both  primary  germ-layers,  we  will  ftdapt  \ 
Beneden's  name,  and  call  it  tlie  intestinal  germ-diao  (Oi 
Irodiscue). 

The  small,  circular,  dull  whitish  epnt  which  lies  at  x 
particular  point  on  the  outer  surface  of  the  bri<{ht-coloured. 
transparent,  and  spherical  "  intestinal   germ-vesicle "  and 
scliich  is  the  "  intestinal  germ-diac"  {Gciatrodtactu),  has  long 
been   known  to   naturalists,  and   was  compared  with  t 
"genn-diac"  of  Reptiles  and  Birds,    Sometimes,  therefure,a 
wae  called  the  "germ-disc"  {discus  blashdei'tnicus),  a 
times    the   "embryonic  spot"   (inclie   embryonnalrt), 
more   usually    the    germ-area    (urea    gerviinativa). 
further  evolution  of  the  germ  ]>roceeds  especially  &om  t 
germ-area.     On   the   other  hand,  the  greater  part  of  I 
intestinal-germ- vesicle  of  Mammals  is  not  dii-ectly  empltn 
in  the  formation  of  the  future  body,  but  in  tlie  formatioal 
the  transitory  "  navel- vesicle."     The  embryo-body  pintj 
itself  off  from  the  latter  more  and  more,  in  projiortioa  i 
it  grows  and  develops  at  the  expense  of  the  latter;  f 
two  become  no  lunger  connected  except  by  the  yelk-d 
(the  stalk  of  the  yelk-sac) ;  and  the  latter  foims  the  indin 
communication  between  the  cavity  of  the  navel-vesicle  i 
the  intestinal  cavity  in  the  course  of  development  (Fig,  i 

The  germ-area,  or  the  intestinal  geriu-disc  of  Maniui 
originally  consists,  like  the  germ-disc  of  Birds,  inertly  \ 
the  two  primary  germ-layers,  each  of  which  ia  formed  otM 
single  cell-stratum.    Soon,  however,  a  third  coil-stratum,  i 
rudiment  of  the  middle  Obroua  layer  (nieaodcT^ia),  apjx!i 
in  the  middle  of  the  circular  disc,  between  the  two  ( 
strata.    According  to  most  observers,  the  meMKlerm  ariaei 
trom  the  inner  primary  germ-layer;  according  to  othens  w 
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the  contrary,  it  anses  from  the  outer  of  the  two  ;^  both  are 
probably  concerned  in  the  process.  The  middle  of  the 
germ-area,  or  germ-disc,  now  consists  of  three  germ-layers, 
while  the  circular  rim  consists  of  two ;  the  rest  of  the  wall 
of  the  intestinal  germ- vesicle  consists  only  of  a  single  germ- 
layer,  the  outer.    But  this  wall  also  now  becomes  two-layered. 


^£^^^m^sssssms9». 


v^ro'o 


5SttCisa^ 


Fig.  76. — Section  throagh  the  germ-area  of  a  Mammal,  at  right  angles 
to  the  surface  (diagrammatic) :  e,  exoderm  (the  simple  cell-stratum  of  the 
■kin-layer)  ;  m,  mesoderm  (the  several  cell-stratum  of  the  middle  lajer) ; 
I9  entoderm  (the  simple  cell-stratum  of  the  intestinal  layer)  ;  k,  hollow 
CftTity  in  the  intestinal  germ.vesicle. 

While,  in  the  centre  of  the  germ-area,  the  fibrous  layer 
becomes  greatly  thickened,  in  consequence  of  cell-growth, 
the  inner  germ-layer  simultaneously  extends  and  grows  in 
all  directions  from  the  edge  of  the  disc.  Everywhere  closely 
applied  to  the  outer  germ-layer,  it  completely  overgrows  the 
inner  surface  of  the  latter;  it  covers  first  the  upper,  and 
then  the  lower  hemisphere  of  the  inner  surface,  and  finally 
closes  in  the  centre  of  the  latter.  (C£  Fig.  77-81.)  The 
whole  wall  of  the  intestinal  germ-vesicle  now,  therefore, 
consists  of  two  cell-strata:  the  exoderm  without,  the  entoderm 
within.  In  the  centre  only  of  the  circular  germ-disc,  w^hich, 
in  consequence  of  the  excessive  growth  of  the  middle 
layer,  continually  increases  in  thickness,  this  germ-disc 
consists  of  all  three  germ-layers.  Simultaneously,  small 
ttructurelesa  knots,  or  warts,  secrete  themselves  on  the 
surface   of  the   outer    egg-membrane    (proc/tarwii),   which 


Fifi.  T!,Sgg  tmm  the  nteniB  erf  a  K«bbit  (4  mm.  in  ilinnratrr?-  .— 
(n-nn  membroDo  ve.iole  (b)  htu  Bbpl.Uy  retrp.tod  fa.m  th«  .moolh  o.^a 
e?K  .n..u,l.r™np  (pr«rl.„rto«.  a).  Tin-  cironlnr  j:er».ar«  (f)  i.  TinW.  fo  .h. 
-i^^niro  ot  the  ei-Tw-iuembrwio.  sad  «  ilie  edge  rf  ibe  (ormor  (U  J)  Ibe  inan 
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Mntam  tt  the  garm-TMiolB  u  alrsad;  beginning  to  eitand.  (Fig.  77-fll, 
■Iter  Bisthoff.) 

Fia.  7S.— The  Btnoo,  Men  from  one  sida.    The  letters  u  in  Fig.  77. 

Fia.  79. — Egg  from  ttu  atenia  of  a  Babbit  (S  mm.  in  diameter).  Tb« 
gurm-membnkDe  ii  elreadj'  to  a  graat  eiMQt  doable.  l»7ered  (().  The  outer 
■gg-raembrsQe  {pToehnri:iit)  beoome*  knottj,  or  waiij  (a). 

Fio.  SO.^The  tame,  bmo  from  one  aide.    The  letten  aa  in  Fir.  79. 

Flo.  81.— Egg  from  the  ntema  of  a  Babbit  {8  mm.  in  diameter).  Nrarl) 
th«  wh'rle  of  the  germ-membrwie  raricle  i*  aLread j  donblalajered  (!>>;  onlj 
balow  (at  d)  there  ia  atill  ml;  ono  layer. 

has  raised  itself  from  the  intestinal  genn-TeBicle  (Fig. 
79-81  a). 

We  need  not  at  present  pay  any  attention  either  to  this 
outer  ^'g-metubrane  (prockonon)  or  to  the  larger  portion  of 
the  germ-vesicle,  and  may  turn  our  full  attention  to  the 
germ-area  (or  germ-diflc).  For  it  is  in  this  part  alone  that 
the  important  modiScations  which  result  in  the  specializa- 
taoa  of  the  earliest  organs  first  appear.  In  this  respect  it  is 
quite  immaterial  whether  Tre  examine  the  germ-area  of  a 
Mammal  (e.g.  a  Rabbit),  the  germ-disc  of  a  Bird  or  a  Reptile 
(e.pr.  a  Lizard  or  a  Tortoise).  For  in  all  members  of  the  three 
higher  vertebrate  classes,  all  called  Amnion-animals,  the 
germinal  processes  which  immediately  follow  are  essentially 
•like.  In  this  respect  Man  is  like  the  Rabbit,  the  Dog,  the 
Ox,  etcL ;  and  in  all  these  Mammals  the  germ-area  undergoes 
essentially  the  same  modifications  as  in  Birds  and  Reptiles. 
It  ia  in  the  Chick  that  these  have  been  chiefly  and  most 
accurately  traced,  for  any  requisite  number  of  incubated 
hen's  e^gs,  in  all  stages,  can  always  be  obtained.  Within 
a  few  hours  from  the  beginning  of  incubation  the  cir- 
cular germ-disc  of  tlie  Chick  also  passes  from  a  two- 
layered  to  a  three-layered  stage,  in  consequence  of  the 
development  of  the  mesoderm  between  the  exoderm  and 
the  entoderm. 
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The  first   moditication   of  the   dLscoidal.   threfi-layi 
germ-area  consists  in  the  feet  that  the  cells  round  its 
increase  more  rapidly,  and  accumulate  dark  granules 
protoplasm.     In  this  way  a  darker  ring  is  formed,  which 
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Fio.  82. — Gireular  Rcrm-an 
liglit-coloured  germ-Broa  (iireu 
(a.  apaea),  Aa  it  makes  itsr 
pellucija  appears  tbe  darker. 

FlQ.  83.— Oval  Kerm-ai^'u  ( 
appoara  on  tbe  oatsidi). 
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a  Habbil.  (liBtiDKai^h"'  ^i^^'  ^■^^  n>iU 
iciihi},  Btid  the  periplierin  Jwk  gerro-w 
isible  tlir<>U)[1i  Hie  duck  put.  the 

niiitialira).     Tbe  (loll  nrliitbb  ana  o) 


more  or  less  distinctly  marked  off  from  the  lighter  centre  d 
the  gei-m-iliac  (Fig.  82).     The  latter  we  shall  in  future  c 
the  light  germ-area  {area  /ttUucida) ;  the  darker  ring  i 
shall  call  the  dark  germ-area  (area  o^xi«i).     (In  reflet 
light,  as  in  Fig.  82-S'i,  it  appears  reversed  ;  tbe  light  gen 
area  appears  dark,  because  the  dark  ground  makes  iu 
seen  from  below ;   tlie  dark  germ-area  appears  lighter  i 
comparison.)     The  cireidar  form  of  the  germ-area  ch&ng( 
to  an  elliptic,  and  immediately  ailerwards  to  an  oval  I 
(Fig.  83).     One  end   appears  broader  and   more   abrupt^ 
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roiindefl  off,  tile  other  is  snialier  and  nioi-e  pointed;  tlie 
former  ropreaenta  the  hinder  portion  of  the  future  body. 
The  cbBTocteristic  bilateral  fonn  of  the  boily,  the  distinc- 
tion between  anterior  and  posterior,  between  right  and 
left,  is  thus  already  Indicated. 

In  the  centre  of  the  light  germ-area  a  dull-coloured, 
Ini-ge,  oval  apot  now  appears;  at  tirst  it  is  very  delicate  and 
hunlly  noticeable,  it  soon  however  becomes  more  sharply 
distinguished,  and  presently  appears  as  an  oval  shield, 
Him-ounded  by  two  rings  {Fig.  84),     The  inner,  lighter  ring 


irrm-diBO  lies  on  bliLi'lc 
ptiand,  Ilia  ligbl  gErm-ar'':> 
mppean  aa  a  dnrker  rinii.  Iliv 
<l*rk  |^>mi-nr«i  (ailniiti<i|  nii 
the  oatiiilB).  on  tfae  cnntntry. 
■a  A  whilri  ring.  The  ovnl 
g«Tm,Hliii>|il,  «itdn(ei1  in  the 
centre,  atto  appenri  whitish  : 
klonft  its  alia  the  ilar!i  spiiiitl 
furrow  is  alnmilf  risiblo. 
(AtMr  BivrholT.) 

is  the  remnant  of  the 
light  gpnii-area ;  the 
oiit«r,  ilarker  ring  is 
thu  dark  genimr^-a;  but  the  dull-coloured  shield-shaped 
■pot  itsielf  is  tlK!  first  rudiment  of  the  dorsal  portion 
of  the  vmbryo.  We  will  call  it  briefly  the  "germ-shield" 
(_iiotajtpiH).^  Remalc  called  it  the  "double  shield,"  because 
itanseM  fnmiasliiold-ebaped  thickening  of  the  outer  and  the 
middle  germ-layers.      In   moat  buoks   this   gemi-eliietd   it> 
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Spoken  of  as  the  "first  genn-rurliment  or  embryonic  i 
ment."  as  the  "  primitive  germ,"  or  "  the  first  trace  c 
embryo."     But  these  designations,  which  are  based  on  tJw  ' 
authority  of  Baer  anJ  Bisiihoff,  are  incorrect.    For  in  reality 
the  germ  or  embiyo  already  exists  in  the  parent-cell,  in  the 
Gaatrula,  and  in  all  the  subse'juent  germ-stafp'H.     The  g 
shield  is  merely  the  earliest  rudiment  of  that  tloraal  | 
which  first  becomes  defined. 


or  Ki-rm-iliao  of  «  Rnbbil,  with  t.  eole^hi 
Bbield  (about  ten  titoes  er.UrKfitl.  The  ir^ht,  cireolar  tmcl  {J)  i. 
area  (a.  opata).  The  liifht  arfiu  (<».  i^Uuridu)  (c)  u  IjTB.sliop***.  •■  i«  tb* 
germ-Byeld  itaolf  (b).  Along  its  aiia  tbe  dorsftl  fuirow  or  spiiu]  fimuw  (•) 
u  soen.     (After  Bischoff.) 

Fio.  86.— Sole-flhapcd  germ.sIiieW  of  a  Dog  ("  double  shield  "  of  Rrumk. 
"embryo-ruilimeiit "  of  other  anthorfi).  In  [he  contre  is  the  dorsal  fBnvn, 
on  eitbor  side  nro  the  spiiinl  awellingB,  or  mcdnljBry  eireltingtt. 

Flo.  87.— Sole-*h»pw1  germ-Bhield  of  Chick. 

Ailer  the  oval  genn-shield  has  become  distinctly  definect 
in  the  centre  of  the  light  germ-area,  along  its  central  line 
n  duUcate,  white  streak  ap|>ears,  which  soon  becumea  pn> 
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miment;  this  is  the  ^primitive  streak"  of  Baer,  the  *' axial 
plate  **  of  Remak.  This  phenomenon  is  due  to  the  fact  that 
the  upper  and  middle  germ-layers  coalesce  along  their 
central  lines,  thus  forming  the  axis-band  at  this  point. 
(C£  Fig.  88,  89.)  In  the  centre  of  the  primitive  streak  an 
even,  dark  line,  the  so-called  primitive  groove,  becomes 
defined  (Fig.  84, 85,  a).  This  separates  the  germ-shield  into 
two  sjrmmetrical  halves,  a  right  and  a  left  half  While  the 
primitive  groove  deepens,  the  oval  germ-area  (a.  gerrrdna- 

1)  resumes  its  earlier  circular  form. 

The  germ-shield,  on  the  other  hand,  leaves  its  oval 
and  assumes  the  so-called  lyre-shape,  or  sole-shape. 
Diptieal  leaf-shaped  body  becomes  somewhat  pinched 

the  middle,  while  its  anterior  and  posterior  ends  become 
rhat  enlarged  (Fig.  85).  This  very  characteristic 
which  is  most  aptly  compared  to  the  sole  of  a  shoe, 
Tiolin,  or  a  lyre,  is  retained  for  some  time  by  the  embryo 
dt  the  Mammal  (Fig.  86,  87),  and  also  by  that  of  the  Bird 
and  the  Beptile.  The  human  germ-shield  assumes  this  sole- 
form  as  early  as  the  second  week  of  its  development. 
Towards  the  end  of  that  week  its  length  is  about  two 
millimetre& 

We  will  now  leave  the  peripheric  part  of  the  germ- 
area^  for  its  changes  are  only  interesting  to  us  at  a  much 
later  period,  and  we  will  give  our  whole  attention  to 
the  sole-shaped  germ-shield,  from  which  the  further  evolu- 
tion of  the  body  directly  proceeds.  In  order  correctly  to 
understand  this,  we  must  employ  a  method  which  was  first 
turned  to  full  account  by  Remak,  viz.,  that  of  viewing 
sections  made  from  right  to  left  perpendicularly  through  the 

thin  disc  of  the  germ-shield.    It  is  only  by  very  carefully 
22 
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studying  these  sections,  one  by  oiie,  in  every  stage  of  tli« 
evolution,  that  it  is  possible  fully  to  underatHud  the  pro- 
cesses by  wliich  the  exceedingly  complex  structure  of  tJie 
vei-tebrftte  body  is  developed  from  the  simple  leaf-sliaiioil 
germ-shieid. 

If  we  now  iimke  a  periiendicular  section  tlirough  the 
sole-shaped  germ-shield  (Fig.  86,  87).  the  first  thing  we 
notice  is  the  difference  between  the  three  germ-layere,  M 
they  lie  one  over  the  otlier  (Fig.  88).  The  germ-shield  e 
sists,  as  it  were,  of  three  shoe-soles  overlying  each  r 
The  undermost,  or  itmermost,  of  these  (the  intestinal-gU 
ular  layer)  is  the  thinnest  stratinn.  and  consists  of  a  siiif 
layer  of  cells  (Fig.  88  d).  The  middle  of  the^e  shoc-Hhapt 
bodies  (tlie  mesoderm)  is  considerably  thicker  and  more  a 
less  evidently  appears  ti>  be  composed  of  two  closely  i 
nected  layers.     The  third  and  uppermost,  or  outcnuost  » 


Fro.  SS.^TnuiBverea  section  t)in>i])ih  thp  Kwm-diao  of  »  Cbick  <>  • 
lioiirs  &rtcr  ilio  bvgiuaing  uf  iucubuCiun)  :  h,  tkin-sensorjr  lajcf;  • 
flbroQB  lajfr  i /,  inteatinBl-fibrous  lajer  (tliB  two  iBltorKro  uniWd  ti 
middle-lajer,  or  Tnesodenii) ;   ■!,  intestioal-filiiridDlar  U,jtT.    SQ  U 
Becondarj'  gcrm-lavers  hare  roaloeced  in  tbe  middle  Kod  from  tlw  (i 
Kiio-baDd  (ly) ;   "i,  flret  tnxco  of    the  primitivi'  gTiwie  i   u,  regi 
future  primilive  kidney  radiment.     (After  Wnlrlpjor.l 


flhapcd  body  (A),  is  the  skin-sensory  layer,  and  consLtta  ( 
smaller  and  lighter-coloured  cells.      In  the  middle  ( 
transverse  section,  along  a  considerable  part  of  the  h»t 


INTERCHANQE  OF  CELLS  BETWEEN  THE  TWO  QERM-I.AYERS.  3OI 

tudinal  axis  of  the  sole,  all  three  soles  coalesce,  and  here  form 
the  thick  axial  band  (Fig.  88,  xy).  This  coalescence  is  very 
significant.  It  causes  an  exchange  of  cells  between  the' 
primary  germ-layers.  These  cells  move,  alter  their  position, 
and  multiply,  so  that  exodenn-cells  peneti-ate  among  the 
entoderm-cells,  and  entodenii-cells  among  those  of  the  exo- 
derra.  The  middle  layer,  or  mesoderm,  therefoie,  contains 
cells  from  both  of  the  two  i)rimaiy  germ-layers.  Even 
if  Remak's  explanation,  ftccoixling  to  wliich  the  mesoderm 
is  ori^nally  split  off  from  the  entoderm,  is  correct,  in 
consequence  of  the  coalescence  at  the  central  jioint,  exo- 
denn  celb  may  also  afterwards  make  their  way  into  the 
lueaoderm.  The  fibrous  layer  indeed  soon  plainly  shows 
that  it  is  composed  of  two  different  stmta;  the  outer, 
which,  pbylogenetically,  must  be  refene<l  to  the  skin-layer, 
and  the  inner,  which  must  be  referred  to  the  intestinal  , 
layer.  The  outer  is  the  rudiment  of  the  skin-fibrous  layer 
(Fig.  88,  m,  89,  m) ;  the  inner  becomes  the  intestinal-fibrous 
layer  (Fig.  88,  /,  89,  f).  Soon  after  the  coalescence  of  tlie 
genn-layers  in  the  axial  portion  of  tlic  germ-shieM  has 
taken  place,  and  the  celb  have  lieen  exchanged,  tlie  small 
rectilineal  primitive  groove  (Fig.  89,  n)  becomes  visible  in 


Fic.  89.— TraiUTeru  Beotion  thnjoRh  thp  BPrm-Hhicld  of  a  Chick  (in  n 
fmge  rather  lUer  than  in  Pifc.  88).  The  IcdcrB  indicfttc  the  ulu.o  pnriB  dk 
in  rifr.  88.  In  the  middle  of  the  aiio-liaad  (y)  the  rhorda  dorialii.  or  uoto- 
chcrf,  bncomei  defined  (t).     (Attir  Waldeyer.) 
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the  central  line  of  the  outer  suiface.     On  each  sieltt  of  ttu 
the  doraal  swellings  rise  in  the  form  of  low  ridgvs.     In  i 
centi-e  of  the  lower  side  of  the  primitive  griM»vfi  a  t 
cirical  band  separates  itself  from  the  cotl-masa  of  the  t 
axis-hand ;     this,    which     in     transverse    section 
roundish,  is  the  Sist  rudiment  of  the   notochord    (chot 
dDTsaH",  jc).     The  four  secondary  layers  separate  more  a 
more  distinctly.     The   intestinal-Stirous  layer   (_/;  a[)|iei 
as  the  product  of  the  intestinal-glandular   layer  (i/). 
distinct  from  the  skin-fibrous  layer  (m),  which  arises  1 
the  skin-suTwory  layer  (Aj, 


Fio.  90. — TmnsTenw  gaotion  throDKh   the  g^rm-shieH  of  a: 
Chluk  (nbont  the  oud  uf  Utv  firat  lUy)  ;   nbual  100  timo*  the 
The  akii^-aenBorv  Infer  (tlie  oat^r  gerin-lnjer)  BcporatM  into  t< 
parU  ;  (1)  the  thiDDer.  pcHpheriu  hom-Tilale  (fi),  frum  which  tbs  oaUr  d 
with  its  appendages  nrisea;  (£)  cha  thicker,  uial  spinal  pinto  (n),  (rtf 
gives  rise  to  the  spinal  tube   (tahut  medulUiria) ;    this  originsltn  bum  t 
dorsal  fnrniw  (Rf),  the  dci-peit  part  at  which  forms  the  pritnitJTe  g 
(Pif).     The  bonndorles  between  the  apin&l  pUtn  (hi)  and  the  h 
(orm  the  prcmiincnt,  pnrallel  dorsal  swellings.    The  nuddle  gprm-hjn' 
compoiin'l  fibrons  layer  (the  "  motor-germ  in  Wive  "),  Es  alreodir  dial 
into  the  notochonl  (irh)  nnd  the  two  sidc-lnycrs  (ip).    The  inner 
these   siile-plBtos  soon  bec<omeB  deflnod  as  tb«  primitive   Tprt'J>t»l   t 
(11U71},     The   tinjr  fluure   in  the  side^plBtua  is  th<r  Hrst  miliment  nl  1 
fntnre  bcdj-eaTitr  (iiiifi).    The  inner  ^rrm-lsyer  (the  inteBtioal-Klaod^ 
layer)  (drf)  is  not  jet  modiBed.     (Arter  KOlliker.) 


The  primitive  groove  (Fig.  90  Pv)  soon  becomes  t 
aiderably  deeper  and  so  fashioned  as  t*)  constitute  t 
of  the  broader  spinal  furrow  (medullary  or  dorsal  furr 
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(Rj).  On  both  sides  of  this  rise  the  two  parallel  dorsal 
swellings,  or  spinal  swellings  (m).  At  the  same  time  the 
central  notochord,  or  cliorda  dorscdis  (Fig.  90  ch),  separates 
entirely  and  definitely  from  the  two  lateral  portions  of  the 
mesoderm.  These  we  will  henceforth  regard  as  side-layers 
(jsp)  in  reference  to  the  axial  chord.  They  are  usually 
called  side-platea  In  the  middle  of  each  of  these  side- 
layers  a  horizontal  fissure  appeai*s,  where  the  upper  or  outer 
skin-fibrous  layer  separates  from  the  lower  or  inner  intestinal- 
fibrous  layer.  This  fissure  (Fig.  90  uwh)  is  very  significant, 
for  it  represents  the  first  rudiment  of  the  future  body- 
cavity  (ccdoma).    (Cf  Plate  IV.  Fig.  2,  c  and  3,  c) 

In  sp3aking  of  these  side-layers,  which  are  usually 
called  "side-plates,"  I  would  say  a  word  or  two  about 
those  figurative  expressions  "layers"  and  "plates,"  which 
have  been  universally  employed  since  Bacr*s  time.  The 
"  layers "  (lamince),  as  well  as  the  "  plates "  (lamellce),  are 
leaf-like  or  plate-shaped  bodies  originally  consisting  of  a 
single  homogeneous  cellular  stratum,  or  of  several  lying  one 
above  the  other,  and  constituting  the  first  basis  of  the 
oi^ganic  systems  and  of  the  organs  of  the  body.  But  the 
language  of  Ontogeny  distinguishes  considerably  between 
a  layer,  or  leaf  (la/rnina),  and  a  plate  (lamella).  The  first 
and  )lde8t  cell-layers  of  the  germ,  which  overspread  the 
whole  germ,  and  form  the.  first  basis  of  whole  organ-systems, 
are  layers,  or  leaves  (lamin(B).  On  the  other  hand,  the 
tenn  plates  (lameUce)  is  applied  to  separate  portions  of  the 
layers,  or  leaves,  and  to  the  cellular  strata  produced  from 
the  latter,  which  only  belong  to  a  part  of  the  germ  and 
serve  to  form  single  organs  of  variable  size. 

Of  course   this   distinction  is   by   no   means  sharply 
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drawn :  thus,  for  instance,  the  two  middle,  secondary  germ- 
layers  are  usually  called  the  skin-fibre  fiate  and  the  intes- 
tinal-tibre  plate  (instead  of  layers,  or  leaves).  Convereely, 
the  horn-plate  (which  is  a  portion  of  the  skin-sensory 
layer)  is  usually  called  the  hom-Iayer,  or  leaf  As  fiir  as 
possible  we  shall,  however,  maintain  this  important  distinc- 
tion :  we  shall  only  use  the  term  layers,  or  leaves,  of  the 
two  primaiy,  and  the  four  secondary  germ-layers ;  naturally, 
however,  we  must  speak  of  the  side-plates  as  side-layers,  or 
leaves,  as  they  first  originate  by  a  coalescence  of  the  two 
primary  germ-layers.  On  the  other  hand,  we  shall  speak 
of  the  so-called  horn-layer  and  of  all  the  layer-like  rudi- 
mentary organs,  which  are  split  off  or  differentiated  from 
the  four  layers,  or  leaves>  as  plates;  e.g.  the  muscle-plate, 
etc. 

After  the  chorda  has  entirely  separated  from  the  two 
side-layei-s,  a  portion,  in  the  shape  of  a  long,  thick  conl 
breaks  off,  in  the  posterior  portion  of  the  germ-shield,  from 
the  inner  edge  of  each  of  the  side-layers  (Fig.  90,  mcp,  91,  u). 
We  will  call  this  the  primitive  vertebral  plate,  or  lietter. 
the  priniitivt*  vertebml  cord,  for  it  afterwards  develops  inti) 


Fkj.  91. — Tra«Bverse  section  thron^b  the  ^erm-shicld  of  a  Chick  (at  the 
(Mid  of  tlie  fu-st  (lay),  rather  more  deveJoped  than  in  Fig.  90;  about  twenty 
times  the  uatunil  size.  The  two  edges  of  the  ppinal  pTate  (m),  which,  as 
spinal  swolllngs  (k),  separate  the  latter  plate  from  the  hora.plate  (*),  incline 
towards  each  other.  On  both  sides  of  the  notochord  {ch)  the  inner  portt«.n 
of  the  side-layers  (»/)  has  separated  itself  as  a  primitiTC  vertebral  band 
fn)ni  the  outer  portion.  The  intestinaKglandular  layer  {d)  is  not  yet 
modified.     (After  Remak.) 
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the  primitiye  vertebrae  and  the  neighbouring  parta  It  forms 
the  first  rudiment  ot  the  individual  segments  of  the  verte- 
bral column,  the  primitive  vertelnrse.  At  a  later  period  these 
primitive  vertebrae  become  veiy  closely  connected  with  the 
chorda  doraalia  which  they  surround,  and  this  whole  axis- 
mass  then  develops  into  the  vertebral  column,  which  is 
afterwards  articulated  in  so  many  complex  waya  The 
peripheral  parts  of  the  two  side-layers,  which  remain  after 
the  separation  of  the  primitive  vertebral  cord,  are  hence- 
forth called  the  side-plates  (lam^UoB),  the  term  being  thus 
used  in  its  restricted  sense.  They  develop  into  the  two 
fibrous  layers,  which  have  already  been  mentioned.  In  the 
anterior  half  of  the  germ-shield,  representing  the  future 
head,  there  is  no  separation  between  the  inner  primitive 
vertebral  mass  and  the  outer  side-layers. 

During  these  processes,  this  intestinal-glandular  layer, 
the  inner  germ-layer,  remains  quite  unaltered;  no  separations 
are  to  be  seen  in  it  (Figs.  90,  dd,  91,  d).  The  changes,  there- 
fore, which  take  place  at  this  period  in  the  skin-sensoiy 
layer,  the  outer  germ-layer,  are  all  the  more  remarkable.  The 
continuous  elevation  and  growth  of  the  dorsal  swellings  tends 
to  make  the  upper,  free  margins  of  these  prominent  ridges 
incline  towards  each  other,  and  as  they  continually  ap- 
proach each  other  (Fig.  91,  w),  they  finally  coalesce.  Thus 
the  open  dorsal  furrow,  the  separation  at  the  top  of  which 
grows  narrower  and  narrower,  is  transformed  into  a  closed 
cylindrical  tube  (Fig.  92,  mr).  This  tube  is  of  the  gi-eatcst 
importance,  for  it  is  the  first  basis  of  the  central  nervous 
system — ^the  brain  and  spinal  cord.  This  rudiment  is  called 
the  medullary  tube  {ttibua  medullaris).  Formerly  this  fact 
was  regarded  with  wonder  as  an  inexplicable  enigma,,  but 
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the  Theory  of  Descent  explains  it  as  but  a  perfectly  ii&tural 
process.    It  is  quite  natural  that  the  central  nervous  syAt«ui. 
the  organ  hy  which  all  intercourse  with  the  outer  wurltl, 
all  mental  activities,  and  all  sensory  perception  are  accom- 
plished, should  he  developed  liy  detachment  from  the  outer 
skin  (epifZerjnis),     At  a  later  stage   the  medullary    tube  . 
separates  entirely  fi-om  the  outer  genn-layer.  la  surrounded  J 
by  the  primitive  vertobne,  and  is  forced  inwards.    Frmn  tl 
time,  the  remaining  portion  of  the  skin-sensory  layer  (P 
92  A),  is  called  the  horn-plate  or  "  horn-layer,"  1 


Fro.  di. — Tnuia«»rae  sectiun  [hmngh  the  g^rm-shivlil  of  a  Chidk  (m 
daj  of  incubntlon)  ;  ubout  100  timea  [he  nal.uml  m'k.  tii  tlie  "Ulit  g 
\ayer,  the  niinl  donol  rmrow,  hai-iog  oomplotclf  olnaed,  funu<  llie  ■)<■■• 
tube  (flir),  and  lioi  piuobed  itself  off  fmni  the  hom-plate  (>•).  In  the  n 
germ-lajer,  Ihe  axial  nDloohord  (ch)  is  eutirelf  Bepsralcd  fi-«m  tilt  { 
vertebral  bDDclii  (uid).  in  the  interior  of  wbicb  n  IrnnnilrirY  cavil 
artenrarda  forms.  The  aide-lajrerB  have  split  into  the  cintcT  skin.flhr 
layer  (Kpl)  and  tlio  inner  inteatincl-fibrnna  Isj'or  (df).  the  iirn  biltif; 
connected  bj  the  middle  plates  (niji).  The  (bsnre  (qi)  belwpen  tin  t 
the  first  rudiment  of  llie  bud^-uavitj-  (owf»in»),  [ii  the  gap  bntwi^M 
primitive  vertefaml  bands  and  the  aide-lnyrra,  on  either  liilt,  ia  ih 
kidne;  (un?),  and  en  the  inside  the  primitive  artery  (as),    (After  K611tka 


outer  sltin  (ppideiTti-is),  with  its  homy  appndnges— 
hair,  etc, — develops  from  it.     (Cf  Plates  IV.  and  V.) 

At  a  very  early  period,  in  addition  to  the  central  nervoi 
aystem  another  or  wholly  different  organ  is  Been  to  i 
from  the  oute'>-  skin;  this  ia  the  primitive  kidney,  whid 
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aooomplishes  the  excretory  functions  of  the  body,  and  se- 
cretes the  urine  of  the  embryo.  The  primitive  kidney 
originally  consists  of  an  entirely  simple,  tubular,  elongated 
passage,  a  straight  duct  situated  on  each  side  of  the  ventral 
aspect  of  the  primitive  vertebral  cord,  running  from  an 
anterior  to  a  posterior  direction  (Fig.  92,  wag).  It 
apparently  arises  from  the  horn-plate,  and  at  the  side 
of  the  medullary  tube  (spinal  tube),  in  the  space  between 
the  primitive  vertebral  cord  and  the  side-plates.  Even 
while  the  medullary  tube  is  separating  from  the  horn-layer, 
the  primitive  kidney  is  visible  in  this  gap.  Some  authors, 
however,  hold  that  the  first  rudiment  of  the  primitive 
kidney  is  not  furnished  by  the  skin-sensory  layer,  but  by 
the  skin-fibrous  layer. 

While  the  skin-sensoiy  layer  is  thus  splitting  up  into 
the  horn-plate,  the  spinal  tube,  and  the  primitive  kidneys, 
the  mesoderm,  or  fibrous  layer,  also  separates  into  three  por- 
tions, viz.:  (1)  the  notochord  in  the  central  line  of  the  germ- 
shield  (Fig.  92,  ch) ;  (2)  the  primitive  vertebral  bands  on 
each  side  of  the  notochord  (ww) ;  and  (3)  the  side-layers  which 
separate  from  the  exterior  of  primitive  vertebral  bands. 
These  side-layers  still  show  the  original  separation  of  the 
middle  germ-layer  into  the  outer  skin-muscle  layer  (or  skin- 
fibrous  layer,  ApZ),  and  the  inner  intestinal-muscle  layer 
(or  intestinal-fibrous  layer,  df).  The  point  of  union  of  the 
two  fibrous  layers  is  called  the  middle  plate,  or  mesentery- 
plate  (mp).  The  narrow  fissure  («p),  or  empty  space 
which  arises  between  the  two  fibrous  layers,  is  the  first 
rudiment  of  the  body-cavity  (cceloma),  the  great  visceral 
cavity,  in  which  the  heart,  lungs,  intestines,  etc.,  are  after- 
wards situated.     In  Mammals  this  is  separated,  at  a  later 
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period,  into  two  distinct  cavities  by  the  formatioii  of  tht 
diaphifigm ;  these  are  the  cheat,  or  thoracic  cavitjr,  and  tlia 
abdominal  cavity.  Immediately  below  the  mesenterj-- plate, 
in  the  gap  between  the  intestinal -glandular  layer,  the  in- 
testinal-fibrous layer,  and  the  primitive  vertebral  bands, 
another  oryan  appears  at  an  early  stage,  in  the  form  of  a 
tube  with  a  thin  wall  (Fig.  92,  ao).  This  is  the  first  rudi- 
ment of  a  large  blood-vessel,  the  primitive  artery,  or  aorta. 
It  arises  by  fission  from  the  intestinal-fibroua  layer,  J 

During  these  [processes  tlie  inner  genn-layer,  the  iota^l 
tinal-glandular  layer  (Fig.  92,  df),  remains  t^uite  unalter«|^ 
and  it  is  only  somewhat  later  that  it  begins  to  show  a  very 
tihallow,  channel'hke  depression  along  the  central  line  of  the 
genn-shield,  immediately  below  the  noiochord.     This  is  t 
intestinal  channel,  or  intestinal  iurrow,  and  it  already  t 
cates  the  future  destination  of  this  germ-layer.     For  as  H 
intestinal  channel  gradually  deepens,  and  its  lower  ( 
bend  towards  one  another,  it  assumes  the  fi>rm  of  a  dofl 
tube,  the   intestinal   tube,  precisely   as   the  rlorsal  I 
became  the  spinal  or  medullary  tube  (Fig.  ft2).      The  in- 
testinal-fibrous layer  (/),  which  lies  on  the  intesiinal-gUn- 
dular  layw  (d),  naturally  follows  the  curve  of  the  latter. 
Thus  f  "om   the  time  when  it  first  begins  to  develop,  the 
intestinal   wall   is   composed   of  two  strata,  intemAlly  o. 
the  intestinal -glandular  layer,  externally  of  the  int«atii»l- 
fibrous  layer. 

The  fonnatimi  of  the  intestinal  tube  is  so  far  umilar  lo 
that  of  tlte  spinal  tube,  that  in  both  cases  a  rectilineal  tr«ncfc, 
or  furrow,  first  appears  along  the  central  line  of  a  flat  genu- 
layer.  The  edges  of  this  furruw  tJien  incline  towards  each 
other,  and  hj  coalescence  Corm  e,  tubo  (Fig.  93).    But  ibr 
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two  processes  are  in  reality  quite  different.    -For  the  spinal 
tube  closes  along  throughout  its  entire  length  into  a  cylin- 


FiQ.  SS-^-Three  diBgnunmatic  tmnBTene  seetiomi  throng-h  tbe  gei-m- 
•bield  of  B  higher  Tertebrate,  showing-  the  origin  of  the  tnbnlar  radimenlarj 
oi^uu  from  thsbcnt  g^rm-lajers.  In  Fi^.  A  Cho  spinal  tobe  (n)  and  tha 
inteatinal  tube  {a)  are  atill  open  trenches  ;  the  primitire  kidneys  (i'}  are  still 
■impte  skin-glvidH.  In  Fig.  It  the  spinal  tube  (n)  and  the  dorsal  wall  have 
alroadjr  closed,  while  the  iotestiiial  tube  (a>  and  the  Tentrnl  wall  are  sliU 
open  ;  the  primitiTe  kidneys  are  pinched  oR.  In  Tig,  C  both  the  spinal  tube 
with  the  dorsal  nail  abore,  and  the  intntinal  tube  nith  the  ventml  wall 
below,  are  closed.  All  the  open  trenches  have  become  closed  tubes;  the 
loimitiie  kidneys  have  penetrated  iota  the  interior  In  all  three  figarpB  the 
letter*  indicate  the  same  parts;  h,  skin-senRory  layer;  n,  epinal  tnbe,  or 
DiedDllaTy  tabei  it,priniitiTB  kidneys;  j,  notoohord  ;  «,  Terteliml  rudiments i 
T,  donal  wall ;  i,  ventral  wall  i  c,  bodj-cavity  {evlomair:  /,  inkestinal-fibroua 
layer;  f,  primitiTe  artery  {onrta);  v,  primitive  vein  (intestinnl  vein)  ;  d, 
ialeatinal-gbindal»r  layer;  a,  ioteiiiual  tube.     (Cf.  Ptates  IV.  and  V.) 


drical  tube,  while  the  intestinal  tabe  reinainii  open  in  the 
middle,  and,  till  a  much  laier  stage,  this  cavity  remains 
connected  with  the  cavity  of  the-  intontinal  germ- vesicle. 
The  connection  between  these  two  cavities  is  closed  only  at 
a  very  late  period,  by  the  fonnation  of  the  navel.  Tlie 
closing  of  the  medullary  tube  proceeds  from  both  side)*,  the 
right  and  left  edges  of  the  dorsal  fuFrow  coalescing.     The 
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closing  of  the  intestinal  tube,  on  Ihc  other  baud.  iaktA  plan 
not  only  from  the  right  and  left,  but  by  a  concreacence  of  tht 
walls  on  all  sides  of  tbe  intestinal  groove  towards  the  navel. 
as  a  central  point.  Moreover,  the  whole  process  of  the 
secondary  formation  of  the  intestine  in  the  three  higher 
classes  of  Vertebrates  is  most  closely  connected  with  the 
formation  of  the  navel,  with  the  "  pinching  in "  of  the 
embryo  from  the  yelk-sac  (navel- vesicle).  (C£  Fig.  70,  p. 
283,  and  Plate  V.  Figs.  14  and  15.)  ~ 

In  order  to  be  quite  clear  about  these  points,  it  is  n 
sary  to  bear  in  mind  the  relation  of  the  germ-shield  to  t 
germ-area  and  to  the  intestinal  germ-vesicle.  This  i 
accomplished  by  comparing  the  five  stages  which  are  npi 
seated  in  longitudinal  section  in  Fig.  94.  The  germ-shield  M 
which  at  first  protruded  only  slightly  from  the  sorface  \ 
the  germ-area,  soon  begins  to  raise  itself  from  tbe  latter,  a 
to  pinch  itself  oQ^  the  intestinal  gcrm-vesicld.  During  thb 
the  germ-shield,  ccen  from  the  dorsal  side,  still  retaina  its 
original  simple  sole-shape  (Figs.  86,  87,  p.  298).  There  is  u 
yet  no  appearance  of  any  distinction  into  head,  neck,  trunk. 
or  limbs.  But  the  germ-sbield  has  grown  mutb  thicker,  e 
cially  in  the  anterior  portion.  It  now,  therefore,  protr 
from  tbe  surface  of  the  germ-area  like  a  thick,  much  arcbl 
oval  swelling,  and  begins  to  separate  and  freo 
completely  from  the  intestinal  germ-vesicle,  to  which  it  ■ 
attached  by  i(s  ventral  surface.  The  progress  of  this  aej>u- 
ation  renders  the  back  continaally  more  curved;  tn  propnrl 
as  tbe  embryo  giowB  and  becomes  larger,  the  germ-t 
decreases  and  becomes  smaller,  till  at  laat  it  bangs,  i 
form  of  a  small  bladder,  from  the  abdomen  of  the  e 
(Fig.  94,  ,  da).     In  consequence  of  the  proceaaes  of  j 
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which  eSect  this  separation,  a  furrow-like  depression  is  first 
formed  round  the  embryo-body  on  the  upper  Buiface  of  the 
germ- vesicle,  surrounding  it  like  a  trench ;  round  the  out- 
side  of  this  trench  a  circular  wall,  or  dike,  ia  formed  by 
the  elevation  of  the  adjoining  parts  of  the  germ-vesicle 
(Fig.  94,  2  ks). 

In  order  to  get  a  dear  and  connected  view  of  this 
important  process,  we  may  compare  the  embryo  to  a 
fortress  surrounded  by  a  moat  and  a  walL  This  moat,  or 
trench,  consists  of  the  outer  part  of  the  germ -area,  and 
ceases  where  the  germ-area  passes  into  the  intestinal  germ- 
veside.  The  important  process  of  fission  in  the  middle 
germ-layer  which  occasions  the  formation  of  the  large 
body-cavity,  extends  over  the  whole  germ-area  along  the 
periphery  of  the  embryo.  At  first  the  extent  of  this 
middle  germ-layer  is  co-extensive  with  that  of  the  germ- 
area;  the  whole  remaining  part  of  the  intestinal  germ- 
vesicle  originally  consisting  only  of  the  two  original  germ- 
layers,  the  outer  and  the  inner.  Thus,  over  the  extent 
of  the  germ-area,  the  middle  germ-layer  splits  into  the  two 
layers  which  we  knew  as  the  outer  skin-fibrous  layer, 
and  the  inner  intestinal-fibrous  layer.  These  two  layers 
separate  widely,  a  dear  fluid  collecting  between  them 
(Fig.  94, 8  <3t^^)-  The  inner  layer,  the  intestinal-fibrous 
layer,  remains  lying  on  the  inner  layer  of  the  intestinal  germ- 
veside  (on  the  intestinal-glandular  layer).  The  outer  layer 
the  skin-fibrous  layer,  on  the  contrary,  attaches  itself  closely 
to  the  outer  layer  of  the  germ-area,  to  the  skin-sensoiy  layer, 
and  the  two  together  rise  up  from  the  intestinal  germ-vesicle. 
From  these  two  united  outer  layers,  a  connected  membrane 
now  arises.    Tliib  is  the  circular  wall,  which  continues  to 
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Fig.  94. — Fire  dia^rmmmntic  longitudinal  EectioDB  tbrongb  the  matariiig 
mammalian  germ  and  its  cgg-membrancR.  In  Fig.  1-4,  the  loDgitndinal 
RC'ction  pasflCB  through  the  nagittal  )>l»ne,  or  the  central  plane  of  the  bodj. 
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vhich  8e|jaratc8  the  right  and  left  halres ;  Sn  Fig.  6,  the  germ  is  Hoen  from 
ihe  left  side.  In  Fig.  1,  the  tofted  (d)  chorion  encloses  the  gerni.Tesicle, 
the  wall  of  which  consists  of  the  two  primary  germ-layers.  Between  the 
oater  (a)  and  inner  (<)  germ-layers,  the  middle  germ-layer  (m)  has  developed, 
oceztensively  with  the  germ-area.  In  Fig.  2,  the  embryo  (e)  is  beginning  to 
separate  from  the  germ-yesiole  (ds),  while  the  wall  of  the  anmion-fold  is 
dcTeloping  roond  it  ^n  front  as  the  head-sheath,  Jcb^  in  rear  as  tail-sheath, 
m).  In  Fig.  8y  the  edges  of  the  amnion.fold  (am)  meet  above  the  bock  of 
tbo  embryo  and  thns  form  the  amnion-cayity  {ah)i  while  the  embryo  (e) 
separatee  still  more  from  the  cferm-vesiole,  the  intestinal  canal  (dd)  is 
developed,  and  from  the  posterior  end  of  this,  the  allantois  (al)  grows  ont. 
In  Fig.  4^  the  allantois  (al)  becomes  larger ;  the  yelk-sac  (d$)  smaller.  In 
Fig.  6,  the  embryo  shows  the  gill-opening^  and  the  mdiments  of  the  two 
pairs  of  limbs;  the  chorion  has  formed  branching  tnfts.  In  all  the  five 
figores  •  signifies  embryo;  9,  outer  germ-layer;  ni,  middle  germ-layer;  i, 
inuer  germ-layer;  am,  amnion  {k$,  head-sheath;  m,  tail-sheath);  ah, 
amnion-cavity;  as,  amnion-sheath  of  the  umbilical  cord ;  10)1:=  ds,  intestinal 
germ-vesicle  2  ds,  yelk-sac  (navel -vesicle)  ;  dg,  yelk-doct;  df,  intestinal. 
flbroiia  layer;  dd,  intestinol-glandnlar  layer;  al,  allantois;  vl:=hh,  legion 
of  the  heart ;  d,  yelk-membrane  (prochorion) ;  d*,  tnfts  on  prochorion ;  sh, 
serous  membrane;  ss,  tnfts  of  the  foregoing;  e^,  tnfted  membrane  or 
chorion;  r,  the  space  between  the  amnion  and  chorion,  filled  with  fioid. 
(Aooording  to  Kdlliker.)    Compare  Table  Y.  Fig.  14  and  15. 

raise  itself  higher  and  higher  around  the  entire  embryo,  and 
at  last  coalesces  above  it  (Fig.  94,  21  3»  4,  5.  a^).  To 
keep  up  the  simile  of  a  fortress  imagine  that  the  sur- 
rounding wall  of  the  fortress  becomes  extraordinarily  high, 
and  towers  far  above  the  fortress.  Its  edges  arch  like 
the  crests  of  a  jutting  cliff  which  is  about  to  enclose  the 
fortress ;  they  form  a  deep  cavern,  and  at  last  grow  together 
above.  At  last  the  fortress  lies  entirely  within  the  cavern 
forme  by  the  concrescence  of  the  edges  of  this  mighty 
wall     (Cf.  Figa  95-98,  p.  319,  and  Plate  V.  Fig.  14.) 

These  two  outer  strata  of  the  germ-area,  rising  in  this 
way  in  the  form  of  folds  around  the  embryo  and  coalescing 
above  it,  at  last  form  a  spacious  sac-like  envelope  around 
it     This   envelope   bears   the   name   of  germ-membrane, 
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water-membrane,  or  amnion  (Fig.  94,  am).  The  embrTO 
Bwims  in  a  wateiy  fluid,  which  fills  the  space  between  it 
and  the  amnion,  and  is  called  the  amnion-watcr,  or  germ- 
water  (Fig.  94,  4,  5  ah)  We  shall  return  hereafter  to  thf 
Bignilicance  of  this  rcm&rkable  formation.  It  is  of  no 
interest  to  us  at  present,  because  it  bears  no  dii'ect  relation 
to  the  formation  of  the  body. 

Among  the  various  appendages,  the  significance  of  wbid 
we  shall  presently  recognize,  we  will  mention,  in  parsing,  the 
allantois  and  the  yelk-aac  The  allantoia,  or  urinary  ae 
(Fig.  94,  3,  4  al),  is  a  pear-shaped  bladder,  which  grows  oul 
from  the  hindmost  part  of  the  intestinal  canal:  the  inner- 
most portion  of  it  afterwards  changes  into  the  urinary 
bladder;  the  outer  paii,  with  its  vessels,  forma  the  founda- 
tion of  the  plactnta.  In  front  of  the  allantois,  the  yelk-sac, 
or  navel  vesicle  (Fig.  94,  g,  4  ds),  the  remnant  of  the 
original  int^^atinal  germ-vesicle  (Fig.  94,  ,  kh),  protrudes  from 
the  open  abdomen  of  the  embryo  (Fig.  94,  g,  ^  d^).  In  > 
later  stage  of  development  of  the  embiyo,  in  which  the  intes- 
tinal and  ventral  walls  are  nearly  closed,  thiu  hangs  ont 
from  the  navel-opening  ia  the  form  of  a  little  stalked 
bladder  (Fig.  94,  4,  5  ds).  Its  wall  consists  of  two  layera, 
the  inner  of  which  is  the  intestinal-glandukr  layer,  the 
outer  the  intestinal-fibrous  layer.  It  is,  therefore,  a  direct 
continuation  of  the  intestinal  wall.  In  proportion  as  the 
ouibryo  grows  larger,  this  yelk-sac  becomes  smaUar.  At 
first  the  embryo  looks  merely  bke  a  small  appendage 
the  lai'ge  intestinal  germ-vesicle.  But,  on  the  contrary, 
a  later  period,  the  yelk -sac,  or  the  remnant  of  tlie  tutest 
germ-vesicle,  looks  like  a  little  purse-shaped  appendage 
the  embiyo  (Fig.  70).    Finally,  it  loses  all  importance. 
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very  wide  opening  by  which  the  intestinal  cavity  at  first 
communicates  with  the  navel  bladder,  afterwards  grows 
continually  narrower,  and  at  last  altogether  disappears.  The 
navel,  the  little  pit-like  depression  which  appears  in  the 
middle  of  the  ventral  wall  of  the  developed  Man,  is  the 
place  at  which  the  remains  of  the  germinal  vesicle,  the  navel 
bladder,  once  entered  the  intestinal  cavity,  and  by  which  it 
was  connected  with  the  intestine  in  the  course  of  its  evolu- 
tion.    (Cf.  Figs.  14  and  15  on  Plate  V.) 

The  formation  of  the  navel  takes  place  at  the  same  time 
as  the  closing  of  the  outer  ventral  wall.  The  ventral  wall 
originates  in  exactly  the  same  way  as  the  dorsal  wall; 
both  are  formed  essentially  from  the  skin-fibrous  layer, 
and  are  covered  outwardly  by  the  horn-plate,  the  peripheric 
part  of  the  skin-sensory  layer.  Both  are  formed  by  the 
modification  of  the  animal  germ-layer  into  a  double  tube ; 
above,  at  the  back,  the  vertebral  canal,  which  encloses  the 
spinal  tube, — ^below,  at  the  abdomen,  the  wall  of  the  body- 
cavity,  which  encloses  the  intestinal  tube  (Fig.  93,  p.  309). 

We  will  first  notice  the  formation  of  the  dorsal  wall, 
and  then  that  of  the  ventral  wall  (Figs.  95-98).  In  the 
centre  of  the  dorsal  surface  of  the  embryo  the  spinal  tube 
(mr)  lies,  originally  immediately  below  the  horn-plate  (A), 
from  the  centitd  part  of  which  it  has  separated.  But,  at 
a  later  period,  the  primitive  vertebral  plates  (uw)  grow 
from  the  right  and  the  left  so  as  to  penetrate  between 
these  two  originally  connected  parts  (Figs.  97,  98).  The 
upper  inner  edges  of  the  two  primitive  vertebral  plates 
wedge  themselves  in  between  the  horn-plate  and  the  spinal 
tube,  press  these  two  apart,  and  finally  coalesce  between 

them  in  a  suture  corresponding  wiUi  the  central  line  of 
23 
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tlie  back.  The  closing  is  effected  In  exactly  the  B&me  va; 
as  that  of  the  spinal  tube,  which  is  now  entirely  enclosfiJ 
by  the  vertebral  canal  In  tliis  way  the  doi-sal  wall  i; 
formed,  and  the  spinal  tube  lies  quite  in  the  interior  [Fig. 
98).  In  the  same  way  the  primitive  vertebral  maaagroTin 
lower  down  round  the  notochord  {cfiorda  doraalls),  tbeir 
forming  the  -vertebral  column.  In  this  lower  part  the  inner 
under  edge  of  the  primitive  vertebral  plates  on  each  sidi' 
splits  into  two  laminae,  the  upper  of  wfaicli  passes  in 
between  the  notochord  and  the  spinal  tube,  while  the  under, 
on  the  contrary,  penetrates  between  the  notochord  and  the 
intestinal  tube.  These  two  laminae,  by  meeting  from  eadi 
side  above  and  below  the  notochord,  completely  enclose  thti 
latter,  and  thus  form  the  tubular  outer  notochord-sheatli, 
the  skelcton-ffirming  layer,  from  which  the  vertebi»l 
column  arises  (Figa.  97,  98).  (Cf.  Figa.  3-fi  on  Pkte  lY., 
and  the  fuUowiug  chapter.) 

Processes  similar  to  these  which  take  place  above,  on 
the  back,  during   the  formation   of  the   dorsal   wall,  uta 
observed  below,  on  the  abdomen,  during  the  fonuatioa  I 
the  ventral  wall  (Fig.  93,  hh).    Here  the  side-pl&tes  { 
together  round  the  intestine  in  a  similar  way  to  that  I 
which  the  intestine  itself  closed.     The  outer  part  of  t 
side-plates  forms  the  ventral  wall,  or  the  lower  body-' 
while  on  the  inner  side  of  the  amnion-fold,  which  1 
mentioned,  the  two  siJe-plates  t:ur\'e  more  and  grow  tow 
each  other  from  right  and  left.    While  the  intestinal  c 
is  closing,  the  closing  of  the  ventral  wall  is  also  taking  place 
from  all  sides.     Thus  the  ventral  wall,  which  encloses  thu 
whole  ventral  cavity  below,  also  originates  from  two  haln 
from  the  two  side-plates,  which  incline  toward  each  otlii 
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these  grow  toward  each  other  from  all  sides,  and  at  last 
unite  in  the  navel  at  the  centre.  We  must,  therefore,  dia- 
binguish  between  two  navels,  an  inner  and  an  outer.  The 
inner  or  intestinal  navel  is  the  point  at  which  the  in- 
testinal wall  finally  closes,  at  which  the  communication 
between  the  intestinal  cavity  and  the  cavity  of  the  yelk- 
wic  was  cut  off  (Fig.  70).  The  outer  or  skin-navel  is  the 
point  at  which  the  ventral  wall  finally  closes,  and  which 
3ven  in  adults  is  visible  as  a  depression.  In  each  concrescence 
two  secondary  germ-layers  are  concerned ;  at  that  of  the 
Intestinal  wall,  the  intestinal-glandular  layer  and  the  in- 
testinal-fibrous layer ;  at  that  of  the  ventral  wall,  the  skin- 
Sbrous  layer  and  the  skin-sensory  layer.  The  intestinal 
wall,  as  a  whole,  arises,  therefore,  from  the  entoderm,  and 
Jie  ventral  wall  (and,  indeed,  the  entire  body-wall)  from 
ihe  exoderm,* 

The  processes  by  which  the  double  tubular  rudiment  of 
ihe  body  originates  from  the  f(»ur-layered  germ-disc  are, 
iherefore,  really  very  simple.  They  are  not,  however,  at 
>nce  easily  understood,  nor  is  it  ea.-jy  to  describe  them. 
Fery  much,  doubtless,  yet  remains  obscure  to  the  reader. 


;  OF  ritiUKKS, 


Fig.  99. 

Fma.  05-88.— TranETerse  sectiong  t It lough  embryo  Chiek  i  Fig.  fl6.  the 
mtvnH  d»y  of  incDbalion ;  Fig,  96,  ihu  Aird ;  Pig.  iff.  the  fourth  .  HtHl  Fig. 
08,  the  (irih.  Figures  05-97 arc  utlor  KoUiker  (maguiflc<l  nbuul  100  tiniua] ; 
Fig.  OS,  Kfler  lUinali  (magnifieil  sboul  ZO  titn«), 

h,  bom-phuo I  mr,  ipinol  tube;  umj,  priniilivo  kidnti;  duct:  un,  pri- 
mitive kidney  (Tmclo;  ftp,  Bkin-libi'uus  Inyar;  m  =  mu  =  mp,  mnBcle- 
plBt«  ;  UH>,  primitive  vertebral  plate  (vh,  memhronnuB  formotioii  uf  the 
Tortebml  boily :  ii'A,  of  the  rertebral  aruh  j  wy,  of  tho  rib,  or  triuuvonc 
ainphyniit)  :  uwh,  prlniitiTc  Tertebral  cavit; ;  tK,  spinal  nua,  or  aoto^ 
ci'onl;  »S,  nolochorf-ahellth  1  fcfc,  ventral  nail;  7,  podterior:  v,  anloror 
MIT8  roolB  of  the  Bpinivl  umrniw ;  a  —  a/  —  ant,  Dnininn-told ;  p,  bodj- 
cavity,  IT  ccclooi ;  df,  iiitc«liDnl-fibn>iia  Iotot  j  00,  primitive  aortu  1  m, 
wcoiidftry  uirlu',  ve,  prinoipnl  reini:  d  =  Sil^  intcatitial-glaiiduUr  layeri 
ilr,  tntnslinal  gronve.  In  Fig.  95,  the  tcrHkttT  part  uf  tht<  right  tuilf  of  the 
fanac-uctloa  la  omitted,  fuiiI  in  Fig.  96  tbe  greslpr  );art  of  the  left  hnlf. 
Onljr  a  amall  port  of  the  wnll  of  the  yeik-sac,  the  rcmnnnt  of  the  iri>mi. 
Timcio,  which  lie*  IwIdh',  it  Hliuwn. 


c»peeially  to  those  who 


^  not  at  all  familiar  with  the 
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anatomical  features.  If,  however,  the  subsequent  stages  of 
development,  which  throw  light  on  their  predecesson, 
are  accurately  noted,  and  especially,  if  the  transvene 
sections  in  the  preceding  figures  and  in  Plate  IV.,  repre- 
senting the  complete  vertebrate  body  and  its  germ,  an 
carefully  compared,  the  reader  will  probably  obtain  a  dear 
conception  of  the  main  features  of  mammalian  Ontogeny. 
A  close  and  thoughtful  comparison  of  the  transverse  sections 
is  of  the  greatest  importance  in  this  respect. 

It  is  true,  however,  that  a  deeper,  phylogenetic  know- 
ledge of  these  complex  processes  can  only  be  gained  vith 
the  aid  of  Comparative  Anatomy  and  Ontogeny.  These 
teach  us  that  the  ontogenetic  process  which  we  have 
described  as  resulting  in  the  formation  of  the  Vertebrate 
must  be  explained  as  kenogenetic,  and  that,  in  consequence 
of  continual  embryonic  adaptation,  these  processes  have 
departed  very  widely  from  the  original  palingenetic  form. 
The  Amphioxus  alone  of  all  living  Vertebrates  has,  in  con- 
sequence of  tenacious  heredity,  approximately  retained  the 
palingenetic  form.^    (C£  Chapters  XIII.  and  XIV.) 

As  yet  we  have  paid  no  attention  to  the  various  sections 
which  are  distinguishable  in  the  length  of  the  body :  the 
head,  neck,  breast,  abdomen,  tail,  eta  The  transverse 
sections  do  not  help  us  in  this  respect,  and  we  must,  there- 
fore, closely  observe  the  articulation  in  the  longitudinal  asi^. 
of  the  mammalian  body. 


I 
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BXPLANATION  OF  PLATES  IV.  AND  V. 

Tlie  two  Plates  IV.  and  Y.  exhibit,  partlj  ontogeneticallj  and  partly 
pbylogeneticallj,  the  mode  in  which  the  hnman  body  arises  from  the  germ- 
layers.  Plate  lY.  contains  only  diagrammatic  transrerse  sections  (throngh 
the  sagittal  and  transTerse  axes) ;  Plate  Y.  contains  only  diagrammatic  long^« 
tndinal  sections  (throngh  the  sagittal  and  longitudinal  axes),  seen  from  the 
left  side.  The  fonr  secondary  germ-layers  and  their  products  are  distin- 
guished throughout  by  the  same  four  colours,  namely :  (1)  the  skin-sensory 
layer  is  orange ;  (2)  the  skin-fibrous  layer,  blue ;  (3)  the  intestinal-fibrous 
layer,  red ;  and  (4)  the  intestinal-glandular  layer,  green.  In  all,  the  letters 
indicate  the  same  parts.  In  Fig.  1  and  9  alone  the  two  primary  germ- 
layers  are  represented — the  outer,  or  skin-layer,  orange;  the  inner,  or 
intestinal  layer,  green.  In  all  the  figures  the  dorsal  surface  of  the  body  is 
uppermost,  the  ventral  surface  underneath.  All  organs  proceeding  from 
the  skin-layer  are  marked  with  blue  letters ;  all  those  proceeding  from  the 
intestinal  layer,  with  red  letters.*' 

Plate  IY.— Diagrammatic  Tbansyebsi  Sictions. 

Fio.  1. — TransTorse  section  throngh  the  Ghistrula.  (Compare  Fig.  9, 
longitudinal  section,  and  Figs.  22-28,  p.  193.)  The  whole  body  is  formed  by 
the  intestinal  tube  (d)  ;  tho  wall  of  this  consists  solely  of  the  two  primary 
geiTD -layers. 

Fio.  2. — ^Transverse  section  through  the  lanra  of  the  Amphioxns,  in  tha 
early  stage  in  which  the  body  consists  merely  of  the  fonr  secondary  germ- 
layers.     The  intestinal  tube  (d),  formed  of  the  intestinal  layer,  is  separated 
from  the  body.wall  by  the  coslom  (c),  which  is  formed  of  the  skin-layer. 

Fig.  3. — Transrerse  section  through  the  germ-disc  of  a  higher  Yertebrato, 
with  the  rudiments  of  the  earliest  organs.  (Compare  the  transTerse  section 
of  the  embryo  Chick  at  the  second  day  of  incubation,  Fig.  92.)  The  spinal 
tube  (m)  and  the  primitiye  kidneys  (ti)  are  separated  from  the  horn-plate  {h). 
On  both  sides  of  the  notochord  (ch)  the  primitive  vertebrsD  (uw)  and  the 
side-layers  are  differentiated.    Between  the  skiu-fibrooi  layer  and  the  intea* 
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tinal-filirons  lnj^r,  the  Rrst  rudiraaot  of  tlie  body.r»vily,  or 
viaibla ;  under  it  are  the  two  primitive  aortni  {()■ 

Fia.  4-— TranBvereo  Beelioii  throngli  thp  germ-diso  of  ■  higher  Tertebr 
Bomewhat  farther  i1e\'i:-lo)>cd  l!>a.ii  in  Fig.  3.  (CiiTii|«Fe  the  tntniir 
section  of  the  embryo  Chick  nl  the  third  day  oJ  iDcnbetion,  f.g.  Si  ai.d  91, 
p.  317.)  The  spinal  tnbe  {m)  oud  the  nolochord  (th)  an  alirady  bes'i^'if 
to  be  enclosed  bj  the  primitiTo  vertebno  (utc),  id  irbich  tho  mnacli^iililci, 
btine>platea,  Euid  cerve-rootB  ore  becoming  diMinct.  The  ) 
(n)  are  already  oompletely  sepniiited  from  the  horo-plate  (h)  by  Iho  Iratli 
pkte  (I)  >  c,  tho  cmlom;  t,  the  aortas.  The  HkiD-lsyer,  rising  ■ 
tho  embryo,  forma  the  amnion-fuld  (om)  ;  this  gires  rise  to  *  hollow  q 
(j)  between  tbo  amniOQ-foid  and  the  waU  of  the  yelk-nc  {di). 

Fio.  S.  'TranBTerse  eection  throogh  the  pelrjo  region  and  tfa«  peal's! 
limba  of  tbe  embryo  of  a  higher  Tertebiata.  (CompaM  ths  I 
section  tlirungh  Chick  at  the  fifth  day  of  incabaiion,  E^g.  120.) 
tnbe  (m)  is  already  entirely  enclosed  by  the  two  cnrring  bftlvM  of  ■ 
rertebrm  (ul)),  and  aimilarty  the  Dofuclioid  and  ita  aheath  by  the  two  ta  ~ 
of  tbe  TerlebnJ  body  (u-t).  The  leather-plate  (I)  hu  eDtiicljr  ■> 
from  tho  moscle-plttte  (mp).  Tbo  horn-plnic  (ft)  hna  thickened  rery  n 
at  the  bead  of  the  posterior  limbs  (r).  The  primitiTe  kidneys  (u)  u«  pnb 
niineut  in  tbe  ccetom  (c),  and  lie  Tecy  near  tbe  germ-epltlieliain,  or  tia 
radimentnry  aeinal  glands  {k).  The  iatesiinal  tabe  (d)  ii  attacbed  ts  tbt 
dorsal  BQrfacc  of  Ibe  body  by  the  meientcry  (j).  beneath  tho  main  arlny  I'l. 
and  tho  two  principal  reins  (n).  Below,  in  the  centre  of  tho  vential  w^\ 
the  stalk  of  tbe  albLntoia  (al)  is  visible. 

Flo.  6. — TransToree  acoiioo  throDgli  a  doreloped  Primtliro  Piah,  or  some 
other  VertebraW  of  a  low  order.  The  porta,  on  tbe  whole,  bear  Om  hhu 
telation  to  each  other  as  in  tho  preceding  transverse  soetion.  Fig.  G,  and  ari 
marked  in  tbe  same  way.  Bot  tbe  seiual  glands  (jt)  bsro  deroloped  into 
ovaries,  and  tbe  primitive  kidncya  are  tranaferred  into  oridueta,  which  opM 
into  the  cielom.  The  two  aide  protubemaces  \tb)  of  the  intaalina]  tabs  b 
indicate  the  intestinal  glands,  for  example,  the  liver.  Bui 
tnbe,  in  the  intestinal  wall,  liea  the  intestinal  rein  (f);  abuve  the  inta 
tube  lies  tho  aorta  (().  and  above  this,  ^^in,  the  two  prinoipal  reini  f«). 

Fio.  7.— Tranxrcne  section  throngh  one  of  the  higher  Wurnie  (Ih 
tbe  head  of  an  Annelid),  abowing  its  essential  agreetneot  v 
brat«s  in  tbe  ooDstruction  of  the  body  from  the  fcior  sccundary  ( 
layers.  It  shonld  be  Darefally  oompared  with  the  diaip^nimatii 
Terse  section  throngh  tbe  low  Vertebrate,  Fig.  6  :  m,  the  **  brain,"  oi 
tliroat  ganglion."  Tbe  leathor-plate  (I)  and  the  Dioacle-pUIe,  which  bubi 
the  former,  have  diS'ercntiated  from  the  akin-fibrons  layer.  The  masebHlayf 
lias  separated  into  an  onter  circular  maacle-atrBlnni  and  along  in 
and  the  moscle  of  the  toiler  has  distributed  itself  into  donal  inQsctM(0**'l 
vtmtral  uosole*  (b).    The  two  tie  sepanted  by  the  primitiiro  kidn^fi  {i), 
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irhicli  eztond  from  the  horn-plate  (h)  to  the  ccBlom  (c).  Here  tie  prlmitire 
kidneys  have  a  fannel-shaped  openinnf,  through  which  thej  carrj  oat  the 
OTiiles,  whioh  fall  from  the  ovaries  (ilc)  into  the  coelom.  The  intentinal  tabe 
(d)  has  glands  on  itssnrface  (liTer-vesicles,  Ih),  Below  it  lies  the  ventral  vessel 
(the  iatestinal  vein,  v),  above  it  the  dorsal  vessel  (the  aorta,  t).  The  position 
and  origin  of  all  these  primitive  organs  is  entirely  the  same  in  Man  and  every 
other  Vertebrate,  as  in  the  Worms.  The  only  essential  difference  is  that  in 
the  Vertebrates  a  notoohord  is  de\^loped  between  the  spinal  tube  and  the 
intestinal  tabe. 

Fio.  8. — Transverse  section  through  the  hnman  thorax.  The  ipinal  tnbo 
(m)  is  entirely  enclosed  by  the  developed  circular  vertcbraa  (tv).  A  carved 
rib  proceeds  right  and  left  from  the  vertebra,  supporting  the  wall  of  the 
breast  (rp).  Below,  on  the  ventral  snrface,  between  the  right  and  left  rib, 
lies  the  breast-bone,  or  sternum  (6b).  Without,  above  the  ribs,  and  the 
muscles  between  the  ribs,  lies  the  oater  skin,  formed  from  the  leather-plate 
(2)  and  the  horn-plate  (h).  The  gpreater  part  of  the  bi-east-cavity  (or  the 
anterior  part  of  the  ccelom,  e)  is  occupied  by  the  two  Inng^  (lu),  in  which 
the  branches  of  the  trachea  ramify  like  a  tree.  These  all  open  together 
into  the  unequal  branches  of  the  trachea  (2r),  which  opens  farther  up 
at  the  neck  into  the  oesophagas  (sr).  Between  the  iniestinal  tabe  and  the 
vertebral  colamn,  lies  the  aorta  (t).  Between  the  trachea  and  the  sternum 
lies  the  heart  divided  by  a  partition  wall  into  two  halves.  The  left  heart 
(hi)  contains  only  arterial,  the  right  (hr)  only  venoas  blood.  Each  half  of 
the  heart  is  divided  by  a  valved  opening  into  an  aaricle  and  a  ventricle. 
The  heart  is  here  represented  diagrammatically  in  its  (phylogenetic)  original 
symmetrical  position  (in  the  centre  of  the  ventral  side).  In  the  developed 
haman  being,  and  in  apes,  the  heart  lies  in  an  ansymmetrical  and  oblique 
position,  inclined  to  the  left. 

Plate  V. — Dfaorammatic  Longitudinal  Sbcttons. 

Fio.  9. — Longitudinal  section  through  a  Gastrnla.  (Compare  Fig,  ], 
transverse  section.)  The  intestinal  cavity  (J)  opens  in  front  throngh  the 
month  (0).    The  body  consists  merely  of  the  two  primary  germ-layem. 

Fio.  10. — Longptndinal  section  throagh  an  hypothetical  Primitive  Wonn 
(ProiKtlmvi),  the  entire  body  of  which  consists  of  the  foar  secondary  germ- 
layers.  The  intestinal  tabe  (d)  is  still  very  simple;  but  the  anterior  and 
posterior  intestines  begin  to  grow  distinct.  The  mouth  (0)  is  still  the  anus 
also. 

Fio.  1L — Longitudinal  section  through  a  low  Coeloroate  Worm.  The  primi* 
tive  brain  (m),  or  the  first  nerve-centre  overlying  the  throat,  has  separated 
from  the  hom-plato  {h).  The  intestinal  tube  has  aoqaired  a  second  posterior 
anal  opening  (a)  in  addition  to  the  mouth-opening  (a)  in  front.  A  skin- 
gland  has  developed  into  primitive  kidneys  (u)  and  opens  into  the  body* 
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eavltj  (e),  wlich  has  Tcirmed  betmcn  the  BklDBbrons  Ujer  and  tba  ii 
tinal-tibroDB  lajer. 

Fia.  12. — LongitndiDftl  ecclion  through  aa  h^ol\iet'u»\  Wnrm  ((^ordxd 
ninm),  which   was  among  tha   oominon   pnrenl-fornig  of    V'oi 
AaciditLDS.   The  primitive  brain  (nr)  hua  lengthened  into  an  elongated  *| 
tnbe.    Between  this  spinnl  tube  and  the  iateitincJ  tube  [d),  the  ni 
(ch)  ha«  developed.     The  intestinal  tnbe  bu  differentiated  intii  two  diriiioi 
an  anterior  gill-inteetine   (with   three  pain  of   gill-opccingi,  la)   i 
nerrei  for  broathing,  aad    a   posterior    BtoniBch-intciiliDe   (iritli  ft  lira 
appendftge,  lb)  irhioh  serrea  for  digestion.     In  front,  at  the  fasad-cjitreDit}',! 
an  orgnn  of  Bonae  (;)  hua  developed.    The  primitire  IdJaey  (u)  o, 
the  body-oavit;  (e) . 

FiO,  13. — LoDgitndinol  aoction  throogh  a  Primitire  F^h  (PTOMlaekiud 
oloeelj  relatod  to  the  ciiating  Sliarks,  and  bfpolLeticol  utircHlOTB  of  i 
(tha  fina  are  omitted).  The  Bpinnl  tube  haa  diffDrentiated  i 
primitive  btain-blndderj  (m, — m,)  and  the  spinal  marrow  («",).  (Comj 
FigB.  15  and  16.)  The  brain  is  encloacd  id  the  aknll  ((},  tiie  iptiul  a 
the  vertebral  canal  (above  the  spinal  marroir,  the  vertubral  BPiibc»  (irl 
under  it  the  vertebral  bodiea  (wit)  ;  ondcr  t)ie  lalterthe  origin  of  the  ri 
indicated).  In  front  an  organ  of  aenae  (g,  nose  or  eje)  hoj  developed  h 
the  liom-laj'er,— at  the  buck,  tbe  primitire  kidnaj  (u).    Tho  intsatiDal  ti 

(d)  has  differentiated  into  the  following  parte,  lying  one  b(>hiail  ■  

the  month-OBvitj  (m'l),  the  throBt.cavity  with  six  pajra  of  gil)-<i[iBDiDgl 
((a),  tbe  swimming-bladder  (=lang«,  iu),  the  tesophagna  (tr).  the  attraaet 
(mj),  the  liver  (lb)  with  the  galt-bhidder  (f),  the  amall  inteatina  (dd),  ud 
the  rectam  with  the  anna  (a),  Belovr  the  throat-car'Cj  lies  th«  beut(  witb 
the  anricia  (hv)  and  the  ventricle  (U). 

Fid.  11. — I^ngitadinal  section  throngh  a  fanman  embryo  of  three  wi 
ahoiring  lae  relation  of  the  intestinal  tabs  to  ita  ai>peridagea.     In  the  a 
the  toDg<9lnlked  yelk-aac  (or  the  narel-veaiole,  da)  projects  from  the  inte(-B 
tinal  tnbe  (da) ;  similarly  the  long-stulked  allautoia  (at)  jirigccta  frost  ll 
inteatine  at  the  back.     The  heart  (Aa)  ia  viaibl*  beneath  (he  ftolsrior  iMi^| 
tine.     Amnion-eavilj  (ah). 

Fia.  IB.— Longitadinal  section  through  ahoman  embrjo  of  fir*  ■ 
(Compare  Fig-  14.)  Tlie  amnion  and  the  placenta,  with  tbe  tusebni^a 
nmictad.  Tbe  apinal  tube  has  differentiated  into  the  five  primitive  bg 
derH(«,-ni,),  and  tho  spinal  marrow  (m,).  (CoDipara  fig*.  ISand  16.)  1 
sknll  (s)  ia  formed  around  the  brain  ;  below  the  spinal  marmw  the  i 
veriebral  bodies  (wk).  The  intestinal  tnbe  has  differentiated  iiiba  tla 
following  diviiiona,  Ij'ing  one  behind  another :  the  throat-cavity  wUh  thne 
pain  of  gill-openinga  (la),  the  laag  (lu),  the  cesophagnl  (*r),  tba  ilnrMi* 
(mg),  the  lirer  (lb),  the  ooil  of  the  small  inteitine  (dd),  into  whMt  tl 
J  elk-aao  (da)  opens,  the  urinary  bladder  (Ab),  and  the  rectnm.     Heart  (i 

Fio.  Ifi  —Longitudinal  section  throagb  developed  hnmao  feaiale. 
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tlie  parts  are  perfectly  deyeloped,  bat  diagrammaticallj  redaced  and  sim- 
plified, in  order  to  exhibit  clearly  their  relative  positions  and  their  relations 
to  the  foor  secondary  germ*layers.  In  the  brain,  the  five  original  brain- 
bladders  (Fig.  15,  nui-mg)  have  been  differentiated  and  transformed  in  the 
mAnnftT  peculiar  to  the  higher  mammals :  m^,  fore  brain  {cerebrum),  ont- 
weighing  and  covering  all  the  other  four  brain  bladders;  m,,  twizt  brain 
("  the  centre  of  sight ") ;  m,,  mid  brain  ("  the  four  bnlbs  ") ;  f»«,  hind 
brain  (eerehellum)  •;  m^,  after  brain,  or  ftrolonged  Wkirrow  (medulla 
cblongata),  passing  into  the  spinal  marrow  (m^).  The  brain  is  enclosed  in 
the  skall  (s),  the  spinal  marrow  by  the  vertebral  canal :  above  the  spinal 
marrow  the  vertebral  arches  and  spinal  processes,  under  it  the  vertebral 
bodies  (wk),  .  The  intestinal  tnbe  has  differentiated  into  the  following  parts 
lying  one  behind  another :  the  month«cavity,  the  throat-cavity  (in  which  at 
an  earlier  period  the  gill-openings,  ke,  were  situated),  the  trachea  (Ir)  with 
the  Inngs  (2u),  the  cssophagns  (sr),  the  stomach  (mg),  the  liver  (lb),  with 
the  gall-bladder  (i),  the  ventral  salivary  gland,  or  pancreas  (p),  the  small 
intestine  (ctd),  the  large  intestine  (dc),  and  the  rectum  with  the  anus  (a). 
The  body-cavity,  or  coelom  (c),  is  divided  by  the  diaphragm  (z)  into  two 
distinct  cavities ;  the  breast-cavity  (c),  in  which  the  heart  (hz)  lies  in  front  of 
the  Inng^,  and  the  ventral  cavity  in  which  most  of  the  intestines  lie.  In  front 
ot  the  rectum  lies  the  sheath  (vagina,  vg),  which  leads  into  the  uterus  (/); 
in  this  the  embryo,  indicated  here  by  a  small  germ-membrane  vesicle  (e),  is 
developed.  Between  the  uterus  and  the  os  pubis  lies  the  vesica  urinm  (hb), 
the  remains  of  the  stalk  of  the  allantois.  The  hom-plate  (h)  as  the  outer 
skin,  covers  the  whole  body,  and  also  forms  the  coating  of  the  cavities  of 
the  mouth,  the  anus,  the  vagina,  and  the  uterus.  The  milk  glauds,  or  mommit 
imd),  ait)  oleo  or^inally  fonnal  from  the  horn.plato. 
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ALPHABETICAL  LIST 
OJ  the  Meaning  of  tJie  Letters  in  Plate$  IV,  and  V. 

N.B.— The  sldn-senBory  layer  is  indicated  by  orange,  the  skin-fibroci: 
layer  by  blue,  the  intestinal-fibrous  layer  by  red,  and  the  intestinal.glauduUi 
layer  by  green. 


a,  anal  opening 

ah,  amnion-cayity 

alt  allantois  (urine  sao) 

anXf  amnion 

5,  ventral  mnscles 

bb,  breast-bone  {stemunC^ 

c,  body-cavity  {coiloma) 

c,,  breast-cavity  (joivitas  pleural) 

c^^f  ventral  cavity  {cavitaa  peritonei) 

ch,  notochord  (chorda) 

d,  intestinal  tabe  (tractun) 
dc,  large  intestine  {colon) 
ddf  small  intestine  (ileum) 
ds,  yelk-sac  (navel -vesicle) 

e,  embryo  or  germ 
/,  matrix  (uterus) 

g,  mesentery  (mesentei'ium) 

h,  hom-plate  (ceratina) 

/lb,  urinary  vesicle  (vesica  urinai) 

\kf  ventricle  of  heart 

hlf  left  (arterial)  heart 

hr,  right  (venous)  heart 

hVf  anricle  (atrium) 

hz,  heart  (cor) 

i,  gall-bladder  (vesica  fellea) 

A-,  germ-glands  (sexual  glands) 

ks,  gill -openings  (throat-openings) 

I,  leathcr-platc  {corium} 

Ih,  liver  (^Jiepar) 

!r,  windpipe  (trachea) 

lu,  lung  (pulmo) 

medullary   tube  (^ubiis    meduU 
larts) 


n. 


till, 
m„ 
m„ 

m,, 

md, 
mg, 
mhf 
mp, 

«, 

P» 
9f 
r, 

rp, 

«i 
sb, 

UWf 

*», 

wb, 
*i 


c,  the  five  brain.bladdeiB 
fore-brain 
twixt-brain 
mid-brain 
hind-brain 
after-brain 

spinal  oord  {rMduUa  tptnalu) 
mi  Ik -glands  (momma) 
stomach 
mouth-cavitj 
muscle-plate  (muscularis) 
principal  veins 
mouth-opening  (psculum) 
ventral  salivary  gland  (jpancreoi) 
organ  of  sense 
muscles  of  the  back 
ribs  (costm) 
skull  (erjLniur9i) 
OS  pubis 

throat-cavity  {pharYnm) 
gullet  (jxsophagus) 
aorta  (main  artery) 
primitive  kidney  (protovephrw) 
embryonic  vertebra  (metameron) 
intestinal  vein  (primitive  vein) 
vagina 
vertebra 
vertebral  archM 
vertebral  bodies 
legs,  or  limbs 
space  between  the  amnion  and 

the  yelk -sac 
raidiiff  (diap^agrwi) 
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TABLE  VII. 

Bystomatic  Snirey  of  the  Development  of  the  Organic  SystemB  of  Man  from 

the  Grerm -layers.     (Cf.  Plates  IV.  and  V.) 


/ 


0«ter  Primary 
Genn-Uyer. 

Skin-layer. 

(Animal 

Oerm-Uyer, 

Baer.) 

Ezoderma. 

Ltrmina 
dtrwuUit,  a. 


First 

secondary 

germ-Uyer. 

Skin-sensory 

layezu 

(Skln-fltratom, 
Baer.) 

Lamina 
tuurodermalitt 

a. 


I. 

Ho'n-plate. 
Lamella  uratina. 


n. 

Marrow  •  pin  te. 
Lamdla  meduUarii. 

III. 

Primitive  kidney 

plate. 

LamcUa  itnalit. 


1.  Outer-skin  {epidermit). 

2.  Appendages  of   the    epi^ 

deitnit  (hair,  nails,  etc.)- 

3.  Glands  uf  the    epide^'mi* 

(perspiratory,  sebaceous, 
lacteal  glands). 

4.  Spinal  marrow )  medullary 

5.  Brain  J     tube. 

6.  Organs  of  the  senses  (et- 

sential  part). 

Y.  PrimltlTe  kidneys  (?)  and 
the  outlets,  which  tirise 
from  them  for  the  sexual 
products  (perhaps  from 
the  skia-fibruus  layer  ?  ?) 


\ 


Second 

■econdary 

germ-layer. 

Skin-flbrou 
layer 

(Flesh-stratum, 
Baer.) 

lamina 
inod^rmalitt  H. 


IV. 

Leaiher-platd. 
LanieUa  coriaHa, 


V. 

Flesh -plate. 
Lamdla  camota. 


{ 


8.  True  skin  (corlum)  and 
•kin-muscle  stratum? 


9.  Trunk  •  muscle  stratum 
(side  muscles  of  ttie 
trunk,  etc.). 

10.  Inner  skeleton  (chonl.  ver- 
tebral column,  etc.). 

11.  Exoccelar?(paiietalc(elom« 
epithelium). 

12.  Male  germ-epithelium  (m- 
dimentary  testes)  ?  ? 


Body-Cavity  {Ocdoma'):  A  space  between  the  skin-layer  and  the  intestinal  layer,  between 
the  body-wall  and  the  intestinal  wall,  filled  with  lymph  (colourless  blood). 


Inner 

Primary 

Germ-layer. 

Intestinal 
layer. 

OTegetatlvs 

Germ-layer, 

Baer.) 

Entoderm  a. 

lamina 
ffUtrtUis^H, 


e. 

Third 

secondary 

germ-layer. 

Intestinal- 
fibrous  layer. 

(Vascular-stra- 
tum, Baer.) 

Lamina  ino- 
gtutralit,  H. 


VI. 

Vasculor  plate. 
Lamella  voKuloia, 


VII. 

Mesentery-plate. 
Lamella  metenterica. 


{ 


13.  Female     germ-epithelium 
(rudimentary  ovary)  i  ? 

14.  Endoccelar?  (visceral  coB- 
lum-epit  helium). 

15.  Main  blood-vessels  (heart, 

{)rimitive  arteries,  prim- 
tive  veins). 

16.  Blood-vessel  glands  (lym- 

phatic     glands       and 
spleen). 

17.  Mesentery  (mesenirrium). 

18.  Intestinal  •  muscle     wall 

(and   fibrous  intestinal 
membranes). 


Fourth 

secondary 

germ-layer. 

Intestinal- 
glandular 
layer. 

(Mucous-Bin^ 
turn,  Baer.) 

.    fMmina  myco- 
\    gattraliM,  H. 


vin. 

Mucons  plate. 
LawuUa  mucosa. 


It. 


90. 


Intestinal  epithelium.  (In- 
ner cell-coating  of  the 
intentinal  tube.) 

Intestinal  gland  epitho* 
lium.  (Inner  cell-coat- 
ing   of   the    Int 


CHAPTER  XL 

QKKKRAL  STRUCTURE  AND  ARTICULATION  OP  THK 

INDIVIDUAL. 

B^sental  AgreeoMBt  between  the  Chief  Filiiigenetic  Germ  Proce— ei  {n  the 
case  of  Mma  mad  in  that  of  other  Yertebratea. — The  Human  Body,  likA 
that  of  all  Higher  Animals,  deTelope  from  Two  Primary  and  Four 
SecondarT  Germ-larcrs. — ^The  Skin-amaory  Lajer  forma  the  Hon-plate, 
the  MedallaiT  Tube,  and  the  Primitire  KidnejB. — The  Middle  Larer 
(Meolerm)  breaks  np  into  the  Central  Notochord,  the  Two  Primitive 
Venebral  Cord$«  and  the  Two  Side-layers. — The  latter  split  ap  into  the 
Skin  dl>n>as  Larer  and  the  IntestinaUfibroos  Lnver. — The  Intestinal- 
frland.ilar  La\*er  forms  the  Epitheliam  of  the  Intestinal  Canal,  and  of 
all    its   Appendages. — Ontogenetic    and  Phjlogenetio   Fission  of   the 
Gorm  lavers. — Formation  of   the   Intestinal  Canal. — The  Two-larered 
G'.  b-!;ir  Intostical  Gorm-resicle  of  Mammals  represents  the  Primitive 
Intesiine. — Head   Intestical   Cavity,  and   Pelvic   Intestinal  Cavity. — 
Mouth    Groove    and   Anal   Groove. — Secondary    Formation   of    Moath 
and  Anns. — Intestinal  Navel  and  Skin-naveL — Movement  of  the  Primi- 
tive   Kidneys  frv>m    the    Outside    to   the  Inside. — Separation   of  the 
Brain  and    Spinal  Marrow. — Rudiments  of   the  Brain.bladdera. — The 
Anica'ation   or   Metamerio   Stractore   of    the   Body. — The   Piimitive 
Vertebrae    (Trunk- Segments,   or    Metamera). — The    Construction    and 
Oripn   of    the   Vertebral   Column. — Vertebral    Bodies  and   Vertebrsl 
Ar\:he5. — Skeleton-plate   and   Muscle.plate. — Formation    of   the    Skull 
from  the    Head-plates. — Gil-openings  and   Gill-arches. — Sense-orgai>& 
— Limb-5. — The  Two  Front  Limbs  and  the  Two  Hind  Limba. 

**The  occnrrence  of  an  internal  skeleton  in  definite  local  relations  to  the 
c*ther  onran -systems,  and  the  articulation  uf  the  body  into  homok'gons 
Beg:neiits,  are  points  in  the  general  organization  of  Vertebrates  to  which 
especial  wei^'lit  must  be  given.  This  metameric  structure  is  more  or  less 
definitely  expressed  in  most  of  the  organs,  and  as  it  extends  to  the  sxial 
skeleton,  the  latter  also  gradually  articulates  into  separate  segments,  the 
vtirtebmb     The  latter,  however,  must  be  regarded  only  as  the  partial  ex* 
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pression  of  a  general  articulation  of  the  body,  wliich  is  all  the  more 
important  in  consequence  of  its  appearing  prior  to  the  articniation  of  the 
originallj  inarticalate  axial  skeleton.  Hence  this  general  articniation  maj 
be  considered  as  a  primitive  vertebral  structure,  to  which  the  articulation 
of  the  axial  skeleton  is  related  as  a  secondary  process  of  the  same  sort." — 
KlRL  GfiGEirBAUB  (1870). 

The  most  important  processes,  which  we  have  just  noticed 
in  the  construction  of  the  body  from  the  germ-layers,  are 
essentially  similar  in  all  Vertebrates.  In  these  points  Man 
entirely  resembles  the  other  Mammals;  nor  do  the  latter 
essentially  differ  from  other  Vertebrates.  It  is  true  that  a 
more  exact  study  of  germ-history  brings  various  differences 
to  lights  some  of  which  are  very  striking:  among  these 
may  be  mentioned  the  formation  of  a  large  yelk-sac 
in  most  Fishes,  in  all  Reptiles,  Birds,  and  Mammals ;  also 
the  formation  of  the  amnion  and  allantois  in  the  three 
higher  vertebrate  classes.  But  all  these  remarkable  struc- 
tural conditions,  which  react  on  the  diversified  development 
of  other  parts,  were  only  Icenogeneticcdly  acquired  at  a  later 
stage,  in  consequence  of  Adaptation  to  the  conditions  of 
egg-life ;  on  the  contrary,  the  most  important  conditions  of 
the  original  body-structure,  which  must  be  regarded  as 
pcdingenetic,  as  transmitted  by  Heredity  from  the  common 
parent-form  of  all  Vertebrates,  are,  on  the  whole  and  in  the 
main,  everywhere  the  same. 

As  such  essential  main  acts  in  the  germ-history  of  all 
Vertebrates,  the  following  must  be  especially  noted : — 1. 
The  formation  of  a  Gastrula  (in  the  most  original  form  in 
the  Amphioxus,  in  a  form  which  is  modified  from  the 
latter  in  all  other  Vertebrntes).  2.  The  fission  of  the  four 
primary  germ-layers  into  four  secondary  germ-layers  (often 
with  a  three-layered  stage  intermediate  between  the  two 
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and  tlie  four-layered  stages).  3.  The  axial  soldering,  (n 
the  coalescence  of  the  germ>layers  along  the  longitudmal 
axis  (giving  rise  to  the  axis-band).  4.  The  early  sepa- 
ration of  the  medullary  tube  from  the  skin-sensory  layer 
(by  the  formation  of  the  dorsal  furrow  and  the  spinal 
swellings).  5.  The  early  origin  of  the  primitive  kidney 
ducts  (probably  from  the  skin-sensory  layer).  6.  The  early 
division  of  the  skin-fibrous  layer  into  the  chorda,  the  primi- 
tive vertebral  cords,  and  the  trunk-musde  platea  7.  The 
separation  of  the  skin-fibrous  layer  from  the  intestinal- 
fibrous  layer  (giving  rise  to  the  body-cavity,  or  ccdoma), 
8.  The  rudimentary  primitive  vessels,  or  aortas  (from  the 
intestinal-fibrous  layer).  These  important  germ-prooeesrs 
result  in  the  formation  of  ten  different  parts  of  the  bo»ly, 
wliich  we  may  call  "  the  primitive  organs,"  and  which,  in 
the  following  list,  are  represented  in  their  relation  to  the 
germ-layers.    (Cf.  Fig.  99,  and  Plate  IV.  Fig.  2.) 


Pkylogtnttic  Jittion  (J  tKt  germ^Iayert, 


Primitite  Organa 


Oilier  prlm.irr  gcnn- 
layer ; 

Skin-layer 

(DtTTnal  Iav'T,  or 
Ezodti  ma). 


Innvr  primary  germ- 
layer: 

Intestinal  layar 

((i.\Mr.il  l;iv»T.  or 
Antoderaia). 


L  Secondary  germ- 
Uyer: 

Skin-sensory 
layer. 

II.  Socondtry  germ- 
layer: 

Skin-fibrous 
layer. 

in.  Secondary  germ- 
byer: 

Intestinal- 
fibrous  layer. 

IV.  Sccondjiry  germ- 
Uyer : 

Intes'inal- 
glandu!ar  layer. 


1.  Hom-pUte  (A). 

2.  MedalUty  puita 

3.  PrimttiTe  kifdney 

4.  Cbordft  (cA). 

6.  PrimKiTe    Tert»- 

bral  plate  (tiic). 

•.  Skin-roaade  pL*ie 

t.  Body-carity  (jp), 

8.  Intestinal  miucle 

pUte(«lO. 

9.  Primitire   aorU 

(oo). 


10.  Inte^lnal  gland- 
epithelium  (dd). 


Omtogemetic  Htsim 

qftke 

germ-lajfert. 


A.  Upper  or 
Sensory  layer, 


B.  MkUleor 

Motor-germ  ina* 
live  layer, 


C.  liover  cr 
Trophio  layer, 


PRIMITIVE  ORGANS   OP  THE  VERTEBRATE. 
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In  the  important  transverse  section  through  the  germ- 
shield  of  a  Chick  (Fig.  99),  which  represents  these  primitive 
organs  in  their  original  relative  positions,  they  are  seen  to 
be  flattened  and  spread  out ;  and  they  are  found  in  this 
same  condition  in  a  corresponding  transverse  section  through 
the  germ-shield  of  a  Mammal  In  order  rightly  to  appre- 
ciate these  instructive  sections  (with  which  Figs.  3  and  4 
on  Plate  IV.  should  be  compared),  it  must  be  remembered 
that  the  layer-like  extension  of  the  flat  germ-layers  over 
the  surface  of  the  large  yelk-sac  represents  a  derived, 
kenogenetic  condition,  which  has  arisen  in  consefpience  of 
the  gradual  acquisition  of  a  large  nutritive  yelk.  In  those 
low  Vertebrates  in  which  there  is  no  such  yelk-sac,  and  in 
which  the  original,  palingenetic  condition  is  more  or  less 


fiir 


awU 


rh 


1tl» 


ao 


yV      Vf 


Fro.  99. — Transvorso  Roction  tlimnj^h  tho  pform-shield  of  a  Cliirk  (on  the 
second  clay  of  incuhntion,  about  1<K)  tinioH  ciihirgcd).  In  the  ontor  j^rrni- 
laycr  tlio  axial  dor.sal  furrow  luis  <•(>?» plotcly  closed  and  forms  tho  medullary 
tube  (mr),  which  lias  Hoparated  itself  from  the  horn-plate  (/»).  In  tho 
middle  germ-layer  tho  axial  notoctiord  (c/<)  has  entirely  separated  itself 
from  tho  two  primitive  vertebral  cords  (wir),  in  the  interior  of  which  a 
tranMitory  cavity  (nwh)  afterwards  forms.  The  side-layers  have  split  into 
tho  outer  skin^ftbroos  layer  (hpl)  and  the  inner  intestinal-fibrous  layer 
((//),  which  aro  still  ccmnectod  by  the  middle  plates  (mp).  The  fissure 
(*/>)  between  tho  two  is  the  rudiment  of  the  body-eavity.  In  the  gap 
between  tbo  primitive  vertebral  cords  and  the  side-layers  on  either  side  are, 
attached  on  tho  outer  side,  the  primitive  kidm^y  ('n(<;),  (m  the  inside  tho 
primitive  artery  (ri*>).  (After  KOlliker.) 
24 
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retained,  the  germ -layers,  even  in  tlic  earliest  stage,  fonj 
closed  tubes,  whidi  may  be  immediately  referred  to  I 
tubular  sliape  of  an  eloDgatud  GastrulfL  (Cf,  Figa  62-69.) 
WI]en.  tliercfore,  it  was  generally  thought  that  tho 
main  object  of  the  germ-history  of  Vertebrates  v&a  to 
derive  the  later  organization  of  these  from  a  primitive, 
flat,  discoid  form,  the  two-layered  genn-disc  (or  the  three- 
layered  gcrm-shicld),  a  grave  error  was  committetL"  F(n 
thin  flat,  circular  germ-disc,  and  the  flat,  sole-abapnd  gerfl 
shield  which  arose  from  the  former,  are  phylogenetic  fnn 
ationa,  which  arose  only  secondarily,  in  consequence  of  tl 
accumulation  of  a  large  mass  of  nutritive  yelk  in 
primitive  intestine  of  tlie  primary  Gastrula ;  and  so  i 
at  a  later  period,  the  dorsal  side  of  the  dat  genn-»hial 
arches,  and  its  edges  bend  towards  each  other  and  coalea 
into  tubes  on  the  ventral  side,  tlic  process  b  neither  prim 
nor  secondary,  but  tertiaiy. 

A  right  conception  of  the  formation  of  the  intoetiraS 
evidently  tho  real  point  on  which  a  thorough  knowledgsl 
these  important  germinal  processes  depends.     The  grcaU 
diihculties  are  solved  when  a  clear  and  correct  concept* 
of  the  formation  of  the  intestinal  canal  has  lieen  acqui 
For  the  primitive  intestine  is,  according  to   the  (ia»tf) 
Theory,  the  earliest  and  the  most  important  ot^an  of  | 
animal  body.     In  order  to  gain  this  clear  idea  of  Uie  fan 
tion  of  the  intestinal  tube  and  the  parts  attached  to  it,  H 
especially  nccessaiy  to  note  accurately  the  important  i 
fication  undergone  by  the  intestinal -glandular  layer  of  the 
mammalian   germ.     This,  as  baa   been   said,  is  at  iirst  a 
simple  layer  of  cells  (an  epithelium),  which  lines  the  i 
aui'fuce   of   the  globular   intestinal  germ-ves:cle.      It  i 
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mmple  globule,  the  wall  of  which  consiste  of  a  sunple  layer 
of  homogeneous  cells  (Fig.  UH).  A  iid).      The  first  diaiige  in 


c  U;  l>Ki.--i;,.i  ».-)„>, .a,..i^  ,,i  K-i--  ULr.ciri.im  Oiummiillfln  ^erni  (miQ  the 
;clk-»ac.  Ken  in  iioctiou  (■lif^^rainninl.ic).  A.  Tlie  p^rm-iliac  (b.  bf)  tioB  ei- 
tmded  rm  one  aide  of  the  inteHtinBlgerm-roBioln  {th).  B.  In  the  centre  of  the 
n-dlra  the  medallarj  frnrDw  <mr).  and  onder  that  the  nntochord  (eh) 
Kfipvor.  C.  Theinte«tiii»l.flliroa«  inycr  (d/)  has  (rrown  roand  tho  intoBtinal- 
ItUadulu-  Injcr  (dd).  C  fikiD-Gbmoa  Injer  (t\f)  and  iotonlinal-nbruiu  ln)-rr 
(iV)  fon  nmod  the  oircDcnferonce  of  the  fterm-dtac  j  the  iutegtirie  l<I)  Iw^im 
la  H-pBritte  itself  from  tho  yolk. HBO  or  Dafcl-vnicle  (n6).  E.  Tbe  inientinnl 
Inbr  (nr)  in  clined ;  the  body-cnvity  (<)  beKJns  tu  furm.  K  The  primiliie 
vrrt4>br«e  (w)  appear ;  the  intestine  id)  in  KlinnsC  cotnpMfXy  cloaitl.  G. 
The  primitive  vertebne  (w)  bc^n  to  grow  roand  tbo  medullDry  inbo  (nir) 
nd  the  notochord  (eh) ;  ths  inloHtiiia  (d)  is  BppamUHl  fnitn  the  nnvni. 
(wide  (nil).  H.  Tlie  vertebrw  (ib)  hsTe  en(ilusi>d  tho  niwliillor/  tiibf  (mr) 
uid  the  nntucbord  (r/')  ;  the  liodj-citTity  (0  ib  oltised  ;  the  nan^t-veiiclo  haa 
dtmppeared.    The  amtuon  and  Mronii  mecribraiiea  uiv  oniilb)d. 

Id  all,  tho  letters  indicate  the  same  parte  :  k.  horu-plate  ;  mr,  mndnllary 
tnlxi ;  y,  akin-Rbroiu  lojer  1  w,  jiriniitive  rprtnbm ;  ch,  uotochnnl  -,  c,  body- 
eailtf  t  <V-  inteitioal-flbrooa  lajer ;  dd,  intestinal  •glandular  layer ;  d,  iu- 
inal  oftTitjr ;  nb,  Dnrcl-vciialu. 
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this  globular  formation  is  that  at  one  ]iotnt  in  the  f 
disc,  iminediatoly  beiow  the  notochurd,  and,  therefore,  beloW 
the  axis  of  the  developing  body,  a  fmrow-Uke  <i«pre 
arises.  ThJ8i3thepriinitivegroove(Fig.lOO,iJJ.  ItgradoaUf 
becomes  deeper  and  broader,  assumes  the  form  of  •  e 
and  completely  separates  from  the  Kenn-vesicle,  of  whiA 
it  originally  formed  a  i>art  (Fig.  100,  D—II).  At  6b» 
the  whole  intestinal  genn-ve^icle  is,  in  a  certain  sense,  1 
intvatinal  cavity.  We  may,  therefore,  compare  tlie  entin 
intestinal  germ  venicle  of  the  Mammal,  tlie  wall  of  whid^ 
closed  on  all  sides,  is  formed  by  the  intestinal  layer,  with  tl| 
primitive  intestine  of  a  Qaatrula,  the  primitive  mouth  d 
which  has  closed.  This  pritnitivB  intestine  separates  iidi 
two  paits,  the  permanent  after- in tt's tine  {d),  and  the  tnn 
sieiit  navel- vesicle  {nb). 

This  Is  also  true  of  the  formation  of  the  intestine  ii 
Bi]'d»  and  Reptiles.  For  in  these,  the  laige  yolk-sac.  tilled 
with  nutritive  yelk,  lepi-esents  the  amallcr  mammal 
navel- vesicle,  filled  with  clear  liquid.  In  Buds  and  Ueptild 
again,  the  later,  permanent  intestine  also  se|>&)-atea 
from  the  yelk-sac  by  the  intestinal  groove  changing  into  i 
canal,  into  the  intestinal  tube.  This  tube  is  formed  I 
the  intestinal- furrow  in  the  same  way  as  the  modullai] 
tube  originates  from  the  doreal  furrow.  The  groove  grow 
deeper  and  deeper;  its  cilgLw  grow  downwards  towards 
other,  and  coalesce  at  the  point  at  which  they  meet, 
the  dilierence  between  the  structure  of  the  intestinal  tubl 
and  that  of  the  medullaiy  tube  consists,  as  we  have  idiowSh 
in  the  fact  that  the  medullary  tube  is  closed  equtUly  alanl 
its  whole  length  in  a  suture,  while  the  intestinal  tubl 
grows  together  more  concentrically,  not  only  from  the  tm 
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edges,  but  the  ends  also  come  together  with  the  edges  which 
close,  and  form  a  naveL 

With  this  concentric  closing  of  the  intestinal  tube  is 
connected  the  formation  of  two  cavities,  which  are  called 
the  head  intestinal  cavity  and  the  pelvic  intestinal  cavity. 
SVhen  the  embryo  gradually  becomes  detached  from  the 
wall  of  the  germ-vesicle,  on  which  it  at  first  lies  flat,  the 
anterior  and  posterior  ends  are  the  first  to  be  released, 
while  the  central  poi*tion  of  the  ventral  surface  continues 
attached  to  the  yelk-sac  by  the  yelk-duct,  or  navel-duct 
(Fig.  101,  m).     In  the  mean  time  the  dorsal  surface  of  the 
body  becomes  much  arched;  the  head  end,  on  the  other 
hand,  bends  downward  and  against  the  breast,  while  the 
tail  end,  in  the  same  way,  presses  against  the  abdomen ; 
the  embryo  tries  to  roll  itself  together,  as  a  hedgehog 
makes  itself  into  a  ball  to  ward  ofi*  its  enemies.    This  arch- 
ing of  the  back  is  caused  by  the  quicker  growth  of  the 
dorsal  surface,  and  is  directly  connected  with  the  detach- 
meut  of  the  embryo  fix)m  the  yelk-sac  (Fig.  101).    In  the 
head  there  is  no  separation  between  the  skin-fibrous  layer 
and  the  intestinal-fibrous  layer,  as  is  the  case  in  the  trunk, 
but  the  two  layers  remain  attached  and  form  the  so-called 
"head-plates."     Now  as  these  head-plates  free  themselves 
at  a  very  early  period  from  the  surface  of  the  germ-area, 
and    grow,  first    downward    toward    tlie   surface    of  the 
intestinal  genn-vcsicle,  and  then   backwards  toward   the 
point,  at  which  the  latter  passes  into  the  intestinal  groove ; 
a  dmall  cavity  is  thus  formed  within  the  head  portion,  which 
represents  the  foremost  blind  end  of  the  intestine.    This 
is  the  small  head  intestinal  cavity  (Fig.  102,  to  the  left 
of  d);  its  opening  into  the  middle  intestine  is  called  the 
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anterior   "intestinal   gate"   (Fig.  102,  at  d}      Just  io 
same  way  the  tail  curves  back  a^^ini^t  the  ventral  .lurtace; 
the  inti'Sbiual  wall  then  encloses  puateriurly  a  aioiUar 


Flo,  101.— LmiRii 
day  of  incabstioii).      I. 
tino  ;  0,  month  I  a,  anu^^ 
heart ;  jb,  ventricle  of  hi 
yclk-dnct;   u,  allantoii 


.  ,  -.irlQ^»  (bWk)!  d.tt 
I,  liin^fi- :  li.  lirpr;  j,  mPBcnlery  j  o,  anrii-l 
irt ;  b,  arterial  archea;  t,  aorta:  ^  J'c^lk-SBF 
r,  Blalk  uf  allaDtoin ;     n,  amnion ;     k,  mtat 


imbraue.     (After  Boer.) 


cavity,  the  hind  end  of  which  is  hlind ;  this  is  the  pfli 
intestinal  cavity.  Its  opening  into  the  middle  int«8ti 
h  the  "  Iiind  intestinal  gate." 

In  consequence  of  these  processes  the  embrj-o 
form  resciuljling  a  canoe  lying  bottom  upward.     Imagine 
canoe  with  rounded  ends,  and  fitted  witli  a  little  deck  I 
and  aft ;   then  turn  this  canoe   upside   down,  so  that 
arched  bottom  is  uppermost:  this  affonls  an  approxim 
representation  of  this  canoc-shaped  embr\'o  (Fig.   101. 
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The  reversed  convex  keel  represents  the  middle  line  of  the 
back;  the  little  chamber  under  the  fore-deck  represents 
the  head  intestinal  cavity,  and  that  under  the  after-deck 
the  pelvic  intestinal  cavity.    (Cf.  Fig.  94,  p.  312.) 


Fio.  102. — Longitndinal  section  throngh  the  front  half  of  a  chiok 
(at  the  end  of  the  first  daj  of  incabation),  seen  from  the  left  side  :  k,  head- 
plates ;  ehf  notochord ;  above  the  latter,  the  blind  front  end  of  the 
mednllary  tabe  (mr) ;  below  it  the  head  intestinal  cavity,  the  blind  front 
end  of  the  intestinal  tnbe;  d,  intestinal-glandular  layer;  df,  intestinal- 
fibrons  layer;  h^  horn-plato;  hh,  heart -cavity ;  hk,  heart-cap;  ks,  head- 
sheath  ;  kk,  head-cap.    (After  Romak.) 

With  its  two  free  ends  the  embryo  now  presses 
somewhat  into  the  external  surface  of  the  germ-vesicle, 
and  at  the  same  time  lifts  the  middle  portion  away  from  the 
germ-vesicle.  The  consequence  is  that  the  germ-ve.sicle 
soon  appears  to  be  merely  a  pouch-shaped  appendage  pro- 
truding from  the  middle  of  the  body.  This  appendage,  which 
continues  to  decrease  in  size,  is  afterwards  called  the  yelk- 
sac,  or  navel-vesicle.  (Cf  Fig.  94, 4,  5,  ds;  Fig.  100,  and  Plate 
V.  Fig.  14.)  The  cavity  of  this  yelk-sac,  or  cavity  of  the 
germ-vesicle,  communicates  with  tlie  growing  intestinal 
cavity  through  a  wide   connecting  aperture,  which  after- 
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extends  into  a  long  narrow  canal,  the  yetk-ilaci 
3  suppose  we  are  witliin  the  cavity  of  the  yelk-sac ; 
flmay  then  pass  from  it,  through  the  ycIk-duct  (Fig.  101,  m;, 
directly  into  the  middle  part  of  the  intestinal  canal,  which 
is  still  wide  open.  If  from  there  we  pass  on  into  the 
head  portion  of  the  embyro,  we  reach  the  head  intes- 
tinal cavity,  the  anterior  end  of  which  is  blind.  If.  on  ttie 
other  band,  we  pass  from  the  middle  of  the  intvstinc  back- 
wards into  the  tail  portion,  we  reach  the  pelvic  intestJual 
cavity,  the  hind  end  of  which  is  blind  (Fig.  94,  _,),  Tin- 
first  rudiment  of  the  intestinal  tube  now  consists,  tliereforv, 
strictly  speaking,  of  three  distinct  sections :  (1)  the  h«wl 
intestinal  cavity,  the  hind  end  of  which  opens,  through  the 
front  intestinal  gate,  into  the  middle  intestine;  (2)  the 
middle  intestinal  cavity  which  opens  downwards,  tbrcnigli 
the  yelk-duct,  into  the  yclk-sac;  and  (3)  the  pelvic  intes- 
tinal cavity,  the  front  of  which  opens,  through  the  posterior 
intestinal  gate,  into  the  middle  intestine. 

At  first  the  mouth  and  anal  openings  are  wanting. 
The  whole  primitive  intestinal  cavity  is  entirely  closed,  wul 
is  only  connected  in  the  middle  by  the  ycIk-duct  with  the 
cavity  of  the  intestinal  geTm-vesicIe,  which  is  also  cloeol 
(Fig,  94,  3).  The  two  future  openings  of  the  intestinal 
canal,  tlio  anal  opening  and  the  mouth-opening,  fonn  only 
secondarily,  on  the  outside,  and  from  the  outer  skin; 
that  is  to  say,  a  groove-like  depression  arisra  in  the  hum- 
plate  at  the  point  where  the  mouth  is  afttrwarda  aitunteil, 
and  this  grows  deeper  and  deeper,  growing  towards  tlie 
blind  front-end  of  the  head  intestinal  cavity;  this  ia  the 
mouth -groove.  A  similar  groove-like  depression  appvorH 
beriorly  on  the  outer  skin,  at  the  point  where  the  iuiuh 


ORIGIN  OF  THE  MOUTH  AND  ANUS.        339 

is  afterwards  found,  and  this  also  grows  continually  deeper 
and  towards  the  blind  anterior  end  of  the  pelvic  intestinal 
cavity ;  this  is  the  anal  groove.  At  length  the  innermost 
and  deepest  parts  of  these  grooves  touch  the  two  blind  ends 
of  the  primitive  intestinal  canal,  from  which  they  are  now 
only  separated  by  a  thin  membranous  partition  wall 
Finally,  this  thin  skin  is  broken  through,  and  the  intestinal 
tube  now  opens  outward  in  front  through  the  mouth- 
opening,  and  in  the  rear  through  the  anal  opening  (Fig. 
94s,  4 ;  101).  At  first,  then,  we  really  have  before  us,  if  we 
look  into  these  grooves,  a  partition  wall  separating  them 
from  the  cavity  of  the  intestinal  canal,  and  it  is  only  later 
that  these  partitions  disappear.  The  mouth  and  anal 
openings  develop  secondarily. 

The  remnant  of  the  intestinal  germ-vesicle,  which  we 
have  called  the  navel- vesicle,  or  yelk-sac,  grows  smaller  and 
smaller  as  the  intestine  develops,  and  finally  hangsr  like  a 
small  pouch  from  the  middle  of  the  intestine  by  a  slender 
stalk,  by  the  yelk-duct  (Fig.  94",  5  da).  This  yelk-duct  is 
of  no  permanent  importance,  and,  like  the  yelk-sac  itself,  is 
completely  degraded  and  absorbed.  Its  contents  are  absorbed 
by  the  intestine,  and  the  yelk-duct  itself  closes.  The  place 
at  which  it  attaches  itself  to  the  navel  is  the  intestinal 
navcL  The  complete  closing  of  the  intestine  finally  takes 
place  at  this  spot  (Cf.  Chap.  XII.,  and  Plate  V.  Fig. 
II,  15.) 

Just  as  the  intestinal  tube  arose  from  the  vegetative 
germ-layer,  so  from  the  animal  germ-layer  arises  the  outer 
ventral  wall,  which  surrounds  the  entire  body-cavity 
(ccRloma),  and  includes  the  intestine.  It  develops  from  the 
outer  portions  of  the  side-layera     As  has   been  already 
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observed,  tbese  aide-layers,  which  for  a  time  were  separated 
from  the  primitive  vertebral  cords,  aftcrwanla  again  aiihi.-f 
to  the  latter.  While  the  iDDer  portion  uf  the  sido-Iaycn 
(ijelonging  to  the  iDtustiaal-fihrous  layer)  ia  thus  fwrniitig 
the  external  wall  of  the  inteutine,  the  outer  portion  of  Uto 
aame  layers  (belouging  to  the  skia-libroua  layer)  growa  in 
a  cii'cle  round  the  intestine,  thus  closing  the  body-cavi^' 
(Fig.  100,  p,  333).  The  edges  of  the  ventral  plates,  as  tbeN 
potliuns  of  tlie  side-layera  are  called,  grow  toward  eadi 
otlier  fivia  all  aides,  continually  narrowing  the  slit-like 
ventral  opening,  from  which  the  yelk-sac  depend&  Finally, 
the  latter  is,  in  Maramab,  completely  separated  bom 
the  intestine  by  the  dosing  of  the  ventral  plates,  while  in 
Biids  and  Reptiles  it  ia  taken  into  the  intestine.  This  point 
at  which  the  ventral  wall  finally  closes — the  last  point  at 
coalescence— is  the  ventral  navel,  the  externally  visible  skin- 
navel,  which  is  commonly  briefly  called  the  navel  Tliis 
mui>t  be  distinguished  from  the  inner,  or  intestinal  navel. 
wl)ich  is  the  point  at  which  the  inte^^tinal  canal  closes,  and 
of  which  no  trace  can  afterwards  be  found.  With  the 
cloaing  of  the  intestinal  tube  and  of  the  ventral  wall, 
the  double  tubular  form  of  the  vertebrate  body  ia  com- 
plete. 

A  few  woi'da  muat  still  be  aaid  concerning  the  modificai- 
tiona  which,  while  these  processes  are  going  on,  take  place 
in  the  primitive  kidneys  and  in  the  blood- v easels.  Thr 
primitive  kidneys,  which  at  first  lie  quite  superlicially  just 
below  the  outer  skin  (epidermis,  FJg.  99,  ung),  soon  peneti 
far  into  the  interior  in  consequence  of  peculiar  conditions 
growth  (Figs.  95,  90,  ung,  pp.  317, 318) ;  at  last  they  lie  w 
lar  within,  underneath  the  chorda  duraalu  (Fig.97,tM»,  p^Si 
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Similarly  the  two  primitive  aortae  penetrate  within, 
below  the  notochord,  and  there  eiventually  amalgamate 
and  form  a  single  secondary  aorta,  which  is  situated  under 
the  rudimentary  vertebral  column.  (Cf.  Figs.  95-98,  do.) 
So,  too,  the  cardinal  veins,  the  first  rudiments  of  the 
venous  blood-vessels,  penetrate  further  inwards,  and  after- 
wards lie  directly  over  the  primitive  kidneys  (Fig.  97,  vc). 
In  the  same  locality,  at  the  inner  side  of  the  primitive 
kidneys,  the  first  rudiments  of  the  sexual  organs  soon 
become  visible.  The  chief  portion  of  this  apparatus,  apart 
from  all  its  appendages,  is,  in  the  female,  the  ovary — ^in  the 
male,  the  testea  Originally  both  these  appear  in  the  form 
of  a  simple  hermaphrodite  gland,  formed  from  a  small  por- 
tion of  the  coelom-epithelium,  the  cellular  lining  of  the  body- 
cavity,  at  the  point  of  contact  between  the  skin-fibrous  layer 
and  the  intestinal-fibrous  layer.  It  is  only  secondarily  that 
this  hermaphrodite  gland  seems  to  connect  itself  with  the 
primitive  kidney  ducts,  which  lie  very  close  to  them,  and 
which  are  very  importantly  related  to  the  sexual  glands. 
(Cf.  Chap.  XXV.,  and  Plate  IV.  Figs.  5-7.) 

We  will  now  leave  the  transverse  sections  of  the  vei-te- 
brate  body,  the  comparison  of  which  has  been  so  ex- 
tremely instructive  and  important,  and  by  means  of  which 
we  have  solved  the  hardest  problem  of  germ-history,  the 
problem  as  to  the  part  taken  by  the  geim-layers  in  the 
formation  of  the  body.  In  place  of  those,  we  will  now 
examine  the  longitudinal  form  of  the  rudimentary  embryo 
of  the  mammalian  body,  partly  superficially,  and  partly  in 
various  longitudinal  sections. 

Let  us  now  examine  the  surface,  from  the  dorsal  side,  of 
that  very  simple  embryonic  foim  which  we  called  the  «olo- 
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Fios.  l<)3-5, — l.yro-Bhspert  jrerm-aliiiilil  of  n  Cliivlt.  in  tUtMt  o 
«l;u;i.>ii  iiF  derel«)inient,  eeoa  ttoai  the  dunml  aurtuuo  (abunv  SI  ticova  U 
nutnnil  siw).  Fi^.  103,  with  six  [lain  uf  priniilive  wttcbtM.  Brain  I 
•imple  bladder  (hfc).  The  spinal  furrow  is  opiMi  bohinil  <*  i 
Diid  it  IN  rerj  wide  open  at  I;  mp,  Diednllnry  fJalmti  *p,  ud»>tila(i«M 
limit  betwi>eD  throal-i»»itj  ((A)  and  hood -inl«sl inn  (i-J).— Pi((.  10*,  ■ 
10  pairs  of  primitire  Tertebm.  Tho  bmin  hu  piulfd  into  lhrr«  btadd* 
V,  Tore-bniin  ;  m,  mid-braia  ;  *,  liind-brain  i  c,  hrnrt ;  dr,  fclk-mitu. 
mednlUry  fnrroir  coQtinneB  wide  opon  nt  the  iHwWrior  ond  {>)  ;  mp,  l 
Inry  plates.— Fig.  105,  with  16  paira  of  priniitive  vcrlibrot.  Tim  bi 
pnrtoil  into  Dro  blnditers :  r,  foro-bnin;  t,  iwiit.brain )  u.  mhl-brainifl 
hiiid-bnun ;  n,  aftpr-brnin  i  o.  eve-blndder» 
yclk-iein»i  m/i,  modulliiL'y  pliUrs  i  uu',  priiui 
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shaped  or  lyre-shaped  germ-shield  (Figs.  86,  87,  p.  298).  In 
the  middle  line  of  its  dorsal  surface  the  primitive  groove 
first  made  its  appearance,  enclosed  by  the  two  parallel 
dorsal,  or  medullary  swellings.  The  coalescence  of  these 
formed  the  medullary  tube.  When  we  examine  the  further 
modifications  of  this,  we  veiy  soon  perceive  a  difference 
between  the  formation  of  the  anterior  and  that  of  the 
posterior  ends.  At  the  anterior  end  in  Man,  as  in  aU  the 
higher  Vertebrates,  the  brain  very  soon  begins  to  separate 
or  differentiate  from  the  medulliy  tube.  The  fir«t  rudi- 
ment  of  the  brain  is  merely  a  roundish,  bladder-like  pro- 
tuberance of  the  vertebral  canal  (Fig.  103,  hb).  Very  soon, 
however,  this  bladder  is  divided  by  two  circular  contrac- 
tions of  its  circumference,  into  three  consecutive  vesicles, 
the  so-called  primitive  brain  bladders  (Fig.  104,  v  m  h). 
Two  other  similar  contractions  then  appi^ar,  so  that  we  now 
find  five  brain-bladders  in  a  row  (Fig.  105).  This  is  the 
mode  of  development  of  the  brain  in  all  Mammals,  from  the 
simplest  Fishes  to  Man.  In  all,  we  find  a  simple  vesicle  as 
the  first  rudiment  of  the  brain,  which  is  afterwards  parted, 
by  contractions  in  its  circumference,  into  five  smaller 
bladders.  Though  the  brain,  as  the  organ  of  the  soul  and 
the  mental  activities,  afterwards  develops  in  various  Verte- 
brates  in  such  very  various  ways,  yet  the  first  rudiment 
is  of  this  simple  and  homogeneous  form.  This  is  u  fact  of 
the  highest  importance. 

Directly  below  the  medullary  tube,  iii.  the  lyre-shaped 
germ-shield,  we  found  the  notochord.  Right  and  left  of  the 
notochord  the  two  parallel  primitive  vertebral  cords  had 
split  away  from  the  side-layers.  But  while  the  five  brain- 
bladders  are  becoming  distinct  iit  the  anterior  end  of  the 
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meduilary  tube,  the  two  primitive  vertebral  coixls  in  t 
centre  of  the  primitive  ^rui  break  up  into  a  number  d 
pieces,   lying  one   behind   another,   and   resembling  i 
cubes   on   each   side   of  the   medullary  tulte.      Two  paiq-i 
usually  first  make  their  appearaiict!  siniultancoualy.     Tliea 

Ki.i.106-109.— Tk((i»l 

girni  -  una    witli    Ibo    1^ 
B>iap«d    ^rai-ahieltl), 
from  tho  diira^l  aorfkovv  fl 

evolution  (about  I 
tlx'  nalunl  Hike]. 
BiMihuff.) 

tn  rinr  lOTitiieraibT;*^ 

>iirt»l>n(> ;    the    nji 

humw    (<i)   Biinwi 

a    narrow    light 

(a.    pellurtdo,    a),    in    ll^ 

tniildle  of   the   dark  ( 

aroa  (a.  ajiatt,  J), 


In  Flit'   107  m^tfh  | 


iTiilivd  rerteliiw  (r)  ( 
ttlitiulf  bo  wwn;  the  don 
tumiw  IB  cloaca) ;  tti*  fl 
ru'limrnt  of  the  brain  t/t 
n  bmin -blmltlor.  I 
wiiich  a  «<oiiikI  It}  u 
iuir,   in   ariungi    ilir  UgU'l 

visilil«  al  Itin  anixrioT  mi, 
ill  (hi-  rnrm  u(  adoik  alpkle- 
(hnpnl  body  oo  a  bbdi 
ground. 
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ap|)ear  three,  four.  anJ  five  pairs,  and  finally  a  larger  num)>er 
of  thcfle  pieces,  which  arc  called  the  primitive  vei-tebra?. 


In  fig.  lOe  tbe  em. 
Iirji)  liOB  eight  primi- 
li*e  vcrtobrsD  aucl 
three  brain-bladders ; 
tlie  flnt  brain -blaildor 
(ti)  sliowa  two  lateral 
pfotDbemnce*,  ihe 
Bnt  raititoents  of  the 
eje-biiuli|pra  {r)  g  tbe 
aecood  (il)  and  Iho 
Ihird   (vj    bmm-blail- 

■uia)kr:    a   uidi 
the  odg'^  of  tbo  head' 
alicBlb  uf  tbe  aiuuiun. 


Id  Fig.  109  the 
embrya  boa  ten 
primitJ  »o  Terte- 
tinei  ID  tbo  germ. 
un-sk  tbe  lint 
triMiiiii  of  thi>  nut 
nf  bhxd-vugH'U 
■|ipivr,  buuiirltMl 
byfba  vetMttrmi. 
malit{a):  6.  l.il- 
•>i«n(h,  bb,  bnul- 
tttm^tb  of  tin 
aninioD;  tbe  foldi 
III  tlie  Iut«r  iodi' 
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In  Fig.  107  there  are  Beveu,  in  Fig.  lOS  there  a 
eight,  and  in  Fig,  109  ten  paii-3  of  primitive  vertebrae.  TheiKf 
niitnber  afterwards  increases  considerably,  amounting  Inrfl 
Man  to  upwards  of  thirty.  As  we  shall  )>redfutly  see,  oillJ 
of  each  pair  of  these  primitive  vertebral  segments  an  indi- 
vidual section  of  the  trunk,  a  metamoron,  develops.  E»ch 
pair  of  primitive  vertebne  is  not,  aa  the  name  acems  to 
indicate,  merely  the  rudiment  of  a  future  vertebra,  but,  u 
addition  to  the  vertebra,  the  appropriate  muscles  i 
develop  from  it,  as  docs  a  pair  of  nerve-roots,  etc.  It  | 
only  the  innermoat  portion  of  the  primitive  vertebra,  ^ 
part  lying  next  to  the  notochord,  that  gives  i 
rudiment  of  the  articulated  vertebral  column,  oxteni 
from  the  cranium  lo  the  tail,  and  composed  of  a  number  d 
bony  vertebral  rings.'* 

The  breaking  up  of  the  vertebral  cord  into  s  douU 
chain    of   primitive    vertebral    segments,  or,    brinfly, 
forming  of  the  metamera,  is  of  the  greatest   import 
because  it  is  in  this  process  that  the  body  of  the  Vcrtobti 
passes   from   its   originally   inarticulate   to   its   pert 
articulate  conditions.   The  developed  Vertebrate  isooupc 
of  a  chain  of  homogeneous  parts,  lying  one  behind  anoUi 
precisely  as    are   the  Articulated   Animals    {ArUiropi 
In  the  latter  class,  in  Crabs,  Spiders,  Millipedes,  and  inse 
Ihis  articulation   is    very   clearly   marked   externally,  I 
skin  liotwecn  each  two  members  (melamera)  having  a  r 
shaped  contraction  or  dent  round  the  circumference  of  t 
body.    In  Vertebrates  the  articulation  of  the  body  ia  eqiu 
complete,  but  it  does  not  appear  externally,  though  tntenuUjF  ■ 
it  is  fundamental     Every  Vertebrate,  in  its  perfect  stat«k  i» 
au  urtJcukted  person.     Its  personality  forms   a   cliiun   ol 


ABTICULATIOH.  347 

members,  metamera,  or  trunk-segments.  In  the  same  way 
in  which  the  articulate  and  the  externally  articulated 
Worms  developed  firom  an  inarticulate  condition,  so  the 
internally  articulat<ed  Vertebrate  proceeded  from  an 
originally  inarticulate  condition.  We  shall  presently  ex- 
amine more  closely  the  living  representative  of  this  con- 
diticm,  the  Ascidia,  a  remarkable  class  of  inarticulate  Worm 
forma    (Chapters  XIII.  and  XIY.) 

This  process  of  articulation  or  metameric  foimation  is,  I 
repeat,  of  the  highest  importance  in  enabling  us  to  under- 
stand each  higher  animal  form,  not  only  in  its  morpho- 
logical, but  also  in  its  physiological  relations.  This  articu- 
lation is  one  of  the  most  important  conditions  necessary 
to  perfecticm:  it  is  one  of  the  principal  causes  of  the 
complex  body-functi(His  of  higher  animala  The  inarticulate 
animal  can  never  attain  so  high  a  degree  of  perfection  in 
form  or  in  function  as  the  articulated.  And  the  reason  is 
plain.  These  members,  or  metamera,  are,  in  a  certain  sense, 
independent  individuals.  By  division  of  labour,  these 
originally  homogeneous  individuals  develop  into  the  different 
parts  of  the  composite  body-person,  just  as  the  embryonic 
cells  fashion  themselves,  in  consequence  of  division  of  labour, 
into  the  various  tissuea  The  body  o{  articulated  animals 
may  be  likened  to  a  railway  train,  in  which  the  individual 
carriages,  held  together  by  the  couplings,  represent  the 
metamera.  The  engine  is  the  head  of  this  articulated 
organism.  Then  come  tender,  mail-van,  luggage-vans, 
passenger-carriages,  cattle-trucks,  eta  Each  separate 
waggon  or  carriage  is  morphologically  an  individual,  and 
physiologically,  yet  the  entire  chain  presents  only  a  single 

individual,  the  railway  train.     As  in  this  instance  the 
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various  functioDfl  are  distributed  among  the  vu^dus  kin^  of 
carriages  —  functions  which  each  separate  coiria^^  can- 
not discharge  simultaneously — so  in  the  articulatvij  aniiunl 
body  the  division  of  labour  among  the  raetaiuera  of  the 
trunk  must  be  regarded  as  a  material  advance: 

The  best  explanation  of  the  nature  of  metamcric 
formation  is  afforded  by  tlie  articulated  Worms,  especially 
the  Tape-worms  and  the  Ringed-worms  (^AntuJuia).  Is 
these  the  members,  or  metamera,  composing  the  ringed  body, 
arc  all  of  the  same  structure  and  of  the  same  fonn-value. 
The  first  member,  the  head,  alone  seems  to  be  differeally 
formed  and  more  or  less  differentiated.  In  many  Ta[iD- 
worms  the  various  members  are  so  independent,  that  n 
zoologists  regard  each  separate  metameron  aa  an  Indiridoi 
animal,  and  the  whole  chain  of  members  aa  a  colony  < 
animals.  In  a  certain  sense  tliis  is  quite  correct,  in  so  I 
as  each  separate  metameron  is  an  individual  of  a  luW 
order,  while  the  chain,  composed  of  many  metamera,  ts  i 
individual  of  a  hi^lier  order.  But  in  proportion  aa  I 
separate  members  relinquish  their  independence;  Jn  | 
portion  as  they  become  differentiated  in  consequcnco  I 
Jiviision  of  labour,  and  become  dependent  on  «ach  otW 
and  on  the  whole  body,  and  in  proportion  aa  the  laUet 
becomes  centralized,  the  more  perfect  does  the  estin 
uuitoiy  organism  become.  In  most  Articulated  Animalit 
{Arthropoda),  and  in  all  Vertebrates,  centralization  has  n 
far  progi-oKScd  that  the  individual  metamera  are  do  1 
of  any  iini>ortance  in  themselves  alone,  and  are  to  be  * 
Bidered  Jiieicly  aa  the  necessary  component  partsafl 
entire  chain. 

Wlien  we  investigate  the  origin  of  the  b 


QBOWTH  OF  THE  METAMERA.  349 

in  the  Worms,  we  find  that  it  results,  in  consequence  of 
repeated  asexual  generative  processes,  in  consequence  of 
what  is  called  terminal  budding,  from  an  originally  inarticu- 
late Worm-body,  which  is  equivalent  to  a  single  metameron. 
Thus  the  Tape- worm  embryo  is  at  first  all  hea^l  and  on 
this  head,  which  is  only  equivalent  to  a  single  metameron, 
repeated  budding  gives  rise  to  one  metameron  after  another; 
all,  however,  remain  connected.  So,  too,  in  the  Ringed 
Worms  (Armelida)  the  originally  inarticulate  body  puts  out 
numerous  buds  firom  its  posterior  extremity,  thus  giving 
rise  to  the  long  articulated  chain.  Such  is  the  nature  of 
ibis  process,  which,  however,  in  the  germ-history  of  Articu- 
lated Animals  and  Vertebrates  appears  much  compressed 
and  secondarily  modified.  Originally,  however,  every  ver- 
tebrate animal  is  just  such  a  metameric  chain,  which  has 
arisen,  in  consequence  of  terminal  budding,  from  an  in- 
articulated  germ.^ 

As  the  metamera  arise  in  this  way,  it  will  readily  be 
understood  that  the  anterior  primitive  vertebrae  are  earliest 
found.  Such  is  indeed  the  case.  The  earliest  primitive 
vertebrae,  which  are  situated  about  the  centre  of  the  germ, 
are  the  first  and  second  neck-vertebrae.  Then  come  the 
third  and  fourth  neck- vertebrae,  and  so  on.  Each  primitive 
vertebral  segment  in  its  turn  soon  produces,  by  the  process 
of  budding,  a  new  metameron  at  its  posterior  extremity, 
till  the  chain  is  complete.  The  entire  jointed  body  grows, 
therefore,  in  a  direction  from  front  to  rear.  In  this  way 
the  articulated  vertebral  column  of  Man  is  at  length  pro- 
duced (Figs.  110,  111).  In  the  developed  Man  it  is  composed 
of  the  cranium,  with  a  chain  of  thirty-three  or  thirty-four 
different  vertebrae :  viz.,  seven  neck-vertebrae,  twelve  chest' 
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x'crtebrsB,  to  which  the  ribs  are  attached,  five  luml*r- 
vertebrse,  five  cross-vertebrse  (inserted  into  the  pelvis),  ami 
four  or  five  tail-vertebrae.  Each  of  these  representa  & 
corresponding  section  of  the  nervoua,  muscular,  and  voscuUi 
systems,  etc 

A  further  consequence  of  the  mode  c^  development  of 
thti  metamera  is,  that  nearly  the  whole  front  half  of 
the  lyre-shaped  germ-shiold  (Figs,  103,  107)  muatre  preseot 
tlie  future  head.  The  seven  primitive  vertebne  which 
occupy  the  third  quarter  of  the  whole  length,  fonn  the  neck, 
so  that  all  the  rest  of  the  body  originates  from  only  the 
fourth  and  last  quarter.  This  proportion  seems  Btrange  at 
Brst,  hut  its  phylogenetic  esplanatinn,  as  the  result  of  tihe 
terminal  budding,  is  simple.  The  head  portion  of  the 
veitebrate  animal  must  accordingly  be  regarded  pbyloge- 
netically  and  originally  as  the  oldest  portion  of  the  body- 
as  a  group  of  a  few  (six  to  ten)  closely  coalescent  metama^l 
which,  by  continued  budding  at  the  posterior  extr 
have  produced  the  remainder  of  the  body.  The  tail,  I 
the  other  hand,  is  the  most  recent  part,  the  latest  in  o 
of  development. 

As  has  been  already  observed,  the  articulation  afied 
the  entire  body  of  the  Vertebrate,  although  the  skin  sbowi 
no  external  signs  of  articulation.  The  primitive  vertebra]  ' 
piece*  are,  therefore,  not  merely  rudiments  of  fiituni 
vertebne ;  they  are  real  metamera,  or  trunk-segmcnta 
Each  metameron  first  appears  as  a  nearly  cube-ahaped. 
solid,  nituHlly-hexagonal  body,  entirely  composed  of  cell*. 

Fia,  lia^HnmaD  skeleton,  from  the  front. 
Fig.  111. — Haiiian  skeleton,  from  the  rigbt  iiida.     The  ar 
nmojtCL     (Both  Ggnrea  ftfter  H,  Hajci.) 
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These  cells  are  all  the  products  of  the  stin-fibrouB  layer. 
At  a  very  early  period,  a  Bmall  cavity  appears  in  each  o( 
the»e  solid  primitive  vertebne,  which  cavity,  however,  soon 
again  disappears.  This  "  primitive  vertebral  cavity  "  (Figs. 
95, 96,  uwh,  pp.  317. 318)  is  worthy  of  note  only  in  so  far  as  it 


Fio.  113.— Transverse  reetion  throDgh  the  embrjo  of  a  Chick  on  tlie 
fonrlli  day  of  incubation  (nboot  100  tinioa  the  natural  eiie).  The  prminte 
vcrlebnc  hove  Bcpnrated  into  the  ont«r  muBcle.plate  (mp)  and  the  inner 
Bkcletun-plntc.  The  latter  below,  tu  the  Tertebral  bodies  {irh),  bppina  to 
surronnd  tlic  uotochoni  [ch)  ;  above,  as  the  Tertebral  arches  {vh),  liOjtins 
to  sniTcinnd  the  medollarj  tnbc  (hi),  the  cavity  of  which  (mti),  is  alrowij 
very  nnrrow.  At  snq  the  primitive  rertebra  passes  into  tbe  Bkin.muBcle 
plalo  of  tlie  ventral  wall  ('iji)  ;  hpr,  leather-plate  of  the  dorsal  wall;  *. 
horn. plate ;  a,  amnion  ;  vn-j,  primitive  kidney  doct ;  tin.  primitive  nrinarr 
canal :  ao.  primilive  artery ;  i-r,  cardinal  vein  :  rf/,  intestiiuil>fibroDB  Utitj 
ad,  intestinal 'glandular  layer;  dr,  intestinal  groove. 
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indicates  an  internal  separation  of  the  primitive  vertebra 
into  two  entirely  distinct  parts  :  an  inner  part,  which  forms 
ihe  skeleton — the  skeleton-plate  (Fig.  95,  vav.  Fig.  112,  wh\ 
and  an  outer  part,  which  forms  the  muscle — the  musde- 
plate  (Figs.  95,  96,  m,  Fig.  112,  mp). 

The  skeleton-plate  is  formed  of  the  entire  inner  half  of 
each  primitive  vertebra,  immediately  adjoining  the  medul- 
lary tube  (Fig.  112,  wh^  wb).  Its  lower  part,  the  inner 
lower  comer  of  the  cube-shaped  primitive  vertebra,  splits 
up  into  two  lamellae,  which  grow  round  the  chord,  thus 
forming  the  basis  of  the  vertebral  bodies  (wh).  The 
upper  lamella  forces  its  way  between  the  chorda  and  the 
medullary  tube,  the  lower  lamella  between  the  chorda  and 
the  intestinal  tube  (Figs.  68,  69,  p.  276 ;  Fig.  93).  As  tht5 
lamellaB  of  two  opposite  primitive  vertebral  pieces  come 
together  from  right  and  left  and  unite,  a  ring-like  sheath 
Is  formed  round  that  particular  part  of  the  notochord. 
From  this  afterwards  arises  a  vertebral  body,  i.e.,  the 
massive,  lower,  or  ventiul  portion  of  the  bony  ring,  which, 
as  a  vertebra  in  the  strict  sense,  surrounds  the  medullary 
tube  (Figs.  113-115).  The  upper  or  dorsal  half  of  this 
bony  ring,  the  vertebral  arch  (Fig.  112,  wb)  arises  in  just 
the  same  way  from  the  upper  portion  of  the  skeleton-plate ; 
ije,,  from  the  inner,  upper  corner  of  the  cube-shaped  primi- 
tive vertebra.  The  two  inner,  upper  corners  of  two  oppo- 
site primitive  vertebree  coalesce,  from  right  to  left,  over  the 
medullary  tube,  resulting  in  the  closing  of  the  vertebral 
arch.  Between  each  pair  of  vertebral  arches  appear,  at  a 
later  period,  the  roots  of  the  spinal  nerves,  which  arise  from 
the  same  portion  of  the  skeleton-plate  (Fig.  98,  g^  v,  p.  318). 

The  whole  secondary  vertebra,  which  thus  results  from 
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the  coalescence  of  the  skeleton-plates  of  a  pair  of  primitiT* 
vertebne,  and  which  encloses  witliin  itself  a  part,  of  the 
chorda,  consists  originally  of  a  somewhat  soft  CL-ll-masa,  which 
al'terwarda  passes  into  a  second  firmer,  cartilajjinous  state, 
and  tinally  into  a  third,  permanent,  bony  state.  These  three 
Afferent  conditions  are  generally  distingoishahle  in  the 
Eeater  part  of  the  skeleton  of  the  higher  Vertebrates ;  at 
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PiD.  113— Tliini  bnmim  Decfc-rertebrB. 
Ftu.  114.— SikIi  hommi  cbeet-vn^tnu- 
Fia.  115. — SccDQd  huniBD  lumb&T- vertebra. 

first,  most  parts  of  the  skeleton  are  qiute  tender,  soft,  an<t 
inembranoas ;  then,  in  the  course  of  development,  tliey 
become  cartilaginous,  and  finally  thoy  ossify. 

All  the  Ijony  vertebne  which  afterwards  compose  tlio 
backbone,  or  vertebral  column,  arise,  as  we  have  alras^ty 
obser\'ed,  entirely  from  the  inner  portion  of  the  jMimitiv 
vertebrsB,  from  the  skeleton-plate.  Tlie  outer  portion,  n 
the  other  hand,  which  we  have  called  tlte  "  musctc-plat« 
(Fig.  112,  inp),  produces  the  great  mass  of  the  dorsal 
iiniseles  (the  dorsal  "  side  muscles  of  the  trunk  "),  a.><  well 
the  leather  skin,  which  covers  the  flesh  of  the  bB«k.  TliiS 
uiiscle-plate  is  in  direct  communication  with  that  [HtrtiiMi 
oi  the  side-plates  which  develops  into  the  ventral  skin 

ventral  muscles. 
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In  firont,  at  the  head  end  of  the  embryo^  the  middle 
layer  (meaoderma)  does  not  split  into  primitive  vertebrae  and 
side-plates,  and  the  original  fibrous  layer  here  remains  un- 
divided, forming  the  so-called  "  head-plates  "  (Fig.  102,  k,  p. 
337).  From  these  arise  the  skull — the  bony  covering  of  the 
brain — as  well  as  the  muscles  and  leather-skin  of  the  head. 
The  skull  develops  precisely  in  the  same  way  as  the  mem- 
branous vertebral  column.  The  right  and  left  head-plates 
arch  towards  each  other  over  the  brain-bladder,  enclose  the 
anterior  extremity  of  the  chorda,  and  thus  eventually  form 
a  simple  soft,  membranous  capsule  round  the  braixL  This 
afterwards  changes  into  a  cartilaginous  primitive  skull, 
similar  to  that  which  is  retained  throughout  life  by  many 
fishea  It  is  only  much  later  that  the  permanent  bony 
skull,  with  all  its  different  parts,  is  formed  from  this  cartila- 
ginous  primitive  skulL 

In  the  embryo  of  Man,  as  in  that  of  all  other  Vertebrates, 
the  very  remarkable  and  important  structures,  which  are 
called  the  gill-arches  and  gill-openings,  appear,  at  a  very 
early  period,  on  each  side  of  the  head  (Plate  I.  Fig.  1,  and 
Figs.  116, 118,  /).  These  are  among  the  characteristic  and 
never-failing  organs  of  the  Vertebrates,  for  which  reason 
we  mentioned  them  in  considering  the  typical  primitive 
Vertebrate  (Figs.  52,  53,  p.  256).  On  the  right  and  left  walls 
of  the  intestinal  head-cavity,  in  the  anterior  portion,  fii-st 
one,  and  then  several  pairs  of  sac-like  protuberances  are 
formed,  which  break  through  the  entire  thickness  of  the 
side  wall  of  the  head.  They  thus  become  slits  throu(,'h 
which  there  is  a  free  passage  from  without  into  the  throai- 
cavity:  these  are  the  gill-openings,  or  throat-opening«. 
Between  each  pair  of  gill-openings  the  wall  of  the  throat 
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cavity  grows  thicker,  and  is  dmngcd  into  a  bow-^Iia]>eJ  j 
sickle -shaped    ridge :    these   are   the   gill-arches ;  r>n   ■ 
inner  side  a  vascular  arch  afterwarda  arises  (Fig.  101,  p.  33( 


Ftei.  116, 117.— Head  of  a  Chick,  on  the  third  daj  ol 
front  view  ;  117  from  the  right  aide  ;  n,  uose-mdiiaeiits  ;  I,  ejre-miliiimit«  -, 
g,  eaT-nidiinenta  i  v.  froiit-brBin  ;  gl,  eje-liBBiires.  The  fini  of  Ihv  thm 
paira  or  gi1l.opoiii&K«  is  separated  iDto  lui  upper  jaw  pnceM  (<)  and  a  lonr 
i»w  process  («).     (After  KoUiker.) 

Fig.  118.— Head  of  embryo  of  a  dog,  from  tlie  front :  a,  the  two  ndo  halm 
of  the  front  bmin-bladder ;  Ji,e}re-rudimeDtB;  e>  middle  bnun-bladder ;  dt.itm 
first  pEur  of  gill-aFohos(i;,  upper  j>w  prooess ;  d,  lower  jair  pooceis)  ;  j.f.f. 
tbo  aecond,  third,  and  fourth  pair  of  giU.arobasi  jr  A  <  i.  hoart  iy,  ri^.  K 
left  aariele ;  i,  left,  t:,  right  ventrjole)  i  f,  ori^n  of  tl»  aorta,  with  tlm* 
pairs  of  aorla-arobes,  wLich  pass  on  to  the  gill-orchea.     (After  Biaeboff.) 

The  number  of  the  gill-arches,  and  of  the  gill-opcnin 
wUch  alternate  with  the  former,  amounts  in  the  higher  Vflj 
tebrates  to  four  or  five  on  each  side  (Fig.  118.  c,  d,j,  f. 
The  lower  Vertebrates  have  a  yet  larger  number,  Orij 
ally  these  remarkable  formations  discharged  the  fttnction  d 
a  breath! njt-apparatu 8 — were  gills.  Even  yet  in  the  Rat 
generally,  water,  serving  fur  respiration,  and  which  U  t 
in  through  the  mouth,  passes  out  through  the  gill  alits  a 
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the  side  of  the  gullet.  Id  the  higher  Vertebrates  they  after- 
wards cloBc.  The  gill-arches  are  transformed  partly  into  the 
jaW8,  |)artly  into  the  tongue-bone  and  the  bonelets  of  the 
ear  {oasicula  auditm).    (Cf.  Plates  I ,  VI..  and  VII.) 

Almost  simidtaneousiy  witli  the  developinent  of  the  gill- 
arches,  and  immediately  behind  these,  the  heart  with  its  four 
compartments  is  formed  (Fig.  118,jr  h.  I  k),  and  above,  on  the 
sides  of  the  head,  the  rudiments  of  the  higher  sense-organs 
appear  :  nose,  eye,  and  ear.     These  highly  important  organs 


Tin.  no,— TwnaTerBP  Beolion  IhronKh  tbe  shonlder  rngion  find  tb«  front 
limta  (wiag-rndiuiBnU)  nf  h  Chiuk.  on  the  fcmrCh  da;  of  JDCiilNitbQ  (abonl 
SO  tinei  the  naluml  eiio),  Na»r  the  inlmiriinl  lobe  threo  lit^htor  punJit  »w> 
riaiblo  tm  enoti  aide  lu  llic  d&rk  diiraal  wall,  which  [ima  into  tlie  rnilimentB  of 
tha  foe  limbs  or  wiuge  (s).  The  uppor  of  thrae  ia  die  uiutcla-pInU,  the 
middle  is  tlie  hind,  and  tho  lowor  \t  tbo  ftnnt  root  of  ■  apinal  ncrro.  Iii 
tha  midiUn,  behtw  Ihe  ohorda.  ia  the  aorta,  atid  on  isch  aido  of  thia  a  cardiual 
Tois;  betnw  the  laltor  are  Ihn  primitirir  kidneys.  Tim  intrfitiiic  is  iiliiio-l 
chiKid.  Thn  TontrnI  nail  c<U<n<l8  iulu  l)ie  aiuniuii,  which  funiiB  n  rtused 
oorering  niond  tho  ouibrjo.     (Aflct  Uoiuak.) 
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oiiginate  in  the  very  nimpleat  form.  The  organ  of  araeO^ 
or  the  nose,  appears  quite  in  the  front  of  the  head,  in  the 
shape  of  two  little  pits  above  the  moQth-opemng  (Ilg, 
117.71).  The  organ  of  sight,  or  eye,  abo  in  the  form  of 
a  pit  (Fig.  117,  I,  118,  b),  cornea  next,  behiod  the  organ  of 
smell,  towards  which  a  considerable  vesicular  outgrowth  of 
the  fore-brain  grows  on  both  sides  of  the  head  (Fig,  105,  a). 
Farther  back  appears  a  third  pit  on  each  mde  of  the  head, 
the  first  rudiment  of  the  organ  of  hearing  (Fig,  117,  g).. 
No  trace  of  the  very  marvellous  future  structure  of  theaa 
organs,  or  of  the  characteristic  form  of  tlie  face,  is  yet  to 
be  seen. 

The  human  embryo,  having  reached  this  stage  of  develop- 
ment, is  yet  hardly  distinguishable  from  the  germ  of  any 
of  the  higher  Vertebrates.  CCf  Plates  I,  VI,  and  VII.)  All 
the  essential  portions  of  the  body  are  now  begun  :  the  head 
with  its  primitive  skull,  the  rudiments  of  the  three  higher 
sense-organs,  and  the  Sve  bi'ain-bladders,  and  the  gill-arches 
and  giUopenings ;  the  trunk  with  the  medulla,  the  rudi- 
ments of  the  vertebral  column,  the  chain  of  metamcra,  the 
heart  and  principal  blood-vessels,  and,  finally,  the  primitive 
kidneys.  Man,  in  this  germ-stage,  is  a  higher  Vertabratc,  and 
yet  there  is  no  essential,  morphological  dllforenco  bctwcco 
the  human  embryo  and  that  of  Mammals,  Birds,  Reptika, 
etc.  (Plates  VI.  and  VII.,  upper  line  ol  sections).  This  ts  an 
ontogenetic  fact  of  the  highest  significance;  from  it  an 
drawn  the  most  important  phylogenetic  conclusiona 

There  is,  however,  as  yet  no  trace  of  limha  Though 
the  head  and  the  trunk  are  already  separated,  though  al) 
the  impoi-tant  inner  organs  are  begun,  there  i 
trace  of  the  limbs,  or  extremities,  in  this  stage 
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not  appear  till  later.  This  also  b  a  fact  of  the  profoundest 
interest;  for  it  tells  us  that  the  older  Vertebrates  were 
footless,  as  the  lowest  living  Vertebrates  (Amphioxus  and 


Pto.  120.— TmnBTerBs  Beotion  throngh  the  pelrio  region  and  the  hind 
limba  of  a  Chick,  oa  the  foorth  day  of  iacnbatioa  (about  40  timee  the  nainra 
die):  A,  hom~plate  {  ui,  medaUor;  tube;  n,  spinal  caoal;  u,  primitiTe  kid- 
neyit  >,  cbordBj  e,  hiod  limba  i  b,  alUntoiB  cbooI  in  the  ventral  wall;  t, 
■ortai  t>,  c*rdinal  veins;  a,  into i tine ;  d,  inteetinal-glandnlnr  layer  i  /,  is- 
teitinal-fibToaa  lajer !  j^i  Kerm^epitheLium  ;  r,  doreal  mnacleB ;  c.  bodj'- cavity 
(eutorno).    (After  Waldejer.) 


the  CycloBtoma)  are  at  the  present  time.  The  descendants 
of  these  primeval,  footless  Vertebrates  did  aot  acquire  limbs 
till  a  much  later  period  in  the  course  of  their  development, 
when  they  acquired  four  limbs — a  front  pair  and  a  hind  pair. 
These  limbs  are  all  ori^nally  formed  after  one  model,  though 
they  afterwards  develop  very  difTerently  -.  in  Fishes  they 
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become  fins  (pectoral  and  venti-al);  in  Birds,  wmgs  and  legs; 
In  creepirg  animals,  fore  and  hind  Ic^ ;  in  Apes  and  in  Man, 
arms  and  legs.  All  these  parts  arise  from  a  first  rudiment  of 
the  same  perfectly  simple  form,  which  grows  secondarily  from 
the  skin-layer  (Figa.  119,  120).  They  always  make  their 
appearance  in  the  form  of  two  small  huds,  which  at  firat 
resemble  mere  round  knobs  or  plates.  Gradually  each  of  these 
plates  increases  into  a  more  considerable  projection,  in  whtch 
there  is  a  more  slender  part,  nearer  the  body  of  the  embiyo 
and  dbtinct  from  the  outer,  broader,  thicker  part  This  Ial*T 
portion  ia  the  rudiment  of  foot  or  of  hand,  while  the  former 
is  the  rudiment  of  arm  or  of  1^.  Plates  VL  and  VIL  show 
how  similar  are  the  rudimentary  limbs  in  very  difleroot 
Vertebrates. 

A  careful   study    and    thoughtfiil    comparison   of   the 
embryos   of   Man  and   other  Vertebrates  in  this  stage   ol 
development  is  very  instructive,  and  reveals  to  the  thoughts 
ful  many  profounder  mysteries  and  weightier  trutlis  than 
are  to  be  found  in  the  so-called  "revelations"  of  all  the 
ecclesiastical  religions  of  the  earth.     Compare,  for  inst&nc«, 
carefully  and  attentively   the  three   consecutive  stages  of 
development,  represented  in  Plate  VI.  of  the  Fish  (F),  Sals- J 
mander  (S).  Tortoise  (7"),  and  Chick  (0),  and  in  Plate  VIL  t 
corresponding  embryos  of  the  Hog  (H).  Calf  (0).  Rabbit  {R 
and  of  Man  (At).     In  the  first  stage  (upper  row  of  Sectioal 
I.),  in  which  the  head  with  the   five   brain-bladdera,   sndi 
the  gill-arches  are  indeed  begun,  though  the  limbs  are  s 
entirely  wanting,  the  embryos  of  till  Vertebrates  from  Ftshl 
to  Man  differ  not  at  all,  or  only  in  non-essential  pointa     lal 
the  second  stage  (middle  row  of  Section  IL),  in  which  th« 
limha  arc  indicated,  differences  begin  to  appear  between  the 
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embryos  of  the  lower  and  the  higher  Vertebrates ;  as  yet, 
however,  the  embryo  of  Man  is  hardly  distinguishable  from 
that  of  the  higher  Mammals.  Finally,  in  the  third  stage 
(lower  row  of  Section  III.),  in  which  the  gill-arches  have 
already  disappeared  and  the  face  is  formed,  the  differences 
become  more  evident,  and  grow,  henceforth,  more  and  more 
striking.  The  significance  of  such  facts  as  these  cannot  be 
over-estimated.*^ 

If  there  exists  an  inner,  causal  connection  between  the 
incidents  of  germ-history  and  those  of  tribe-history,  as  in 
accordance  with  the  law  of  heredity,  we  must  assume  then 
these  ontogenetic  facts  immediately  afford  most  important 
phylogenetic  conclusions.  For  the  wonderful  and  compre- 
hensive harmony  between  the  individual  evolution  of  Man 
and  that  of  other  Vertebrates  is  only  explicable  by  assuming 
the  descent  of  these  from  a  common  parent-form.  Indeed 
this  common  descent  is  now  granted  by  all  able  naturalists 
who  in  place  of  a  supernatural  creation  assume  a  non- 
miraculous  evolution  of  organisms. 
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EXPLANATION  OP  PLATES  VI.  AND  VIL 

Plates  YL  And  YII.  are  meant  to  repreaent  the  more  or  less  oompletc 
agreement,  as  regards  the  most  important  relations  of  form,  between  the 
embcTO  of  Man  and  that  of  other  Vertebrates  in  earlj  stages  of  indiTidoal 
doTelopment,  This  agreement  is  the  more  complete,  the  earlier  the  period 
at  which  the  human  embx/o  is  compared  with  those  of  other  Yertebratei. 
It  is  retained  kmger,  the  more  nearly  related  in  descent  the  respectire 
matored  animals  are — corresponding  to  the  *'  law  of  the  ontogenetic  con- 
nectioii  of  systematJoally  related  forms."    (Cf.  Chapter  XIL,  p.  866.) 

Plate  YL  represents  the  embcToa  of  two  of  the  lower,  and  two  of  the 
higher  Vertebrates  in  three  different  stages :  of  a  Fish  (Osseous-fish,  F) ;  of 
an  Amphibian  (Land-ealamander,  8)1  of  a  Beptile  (Tortoise^  T)  ;  and  of  s 
Biid  (Chick,  C>. 

Plate  Vin.  shows  the  embryos  of  four  Mammals  in  the  three  correspond- 
ing stages  :  of  a  Hog  (ff).  Calf  (C),  Babbit  (A),  and  a  Man  (10.  The  con- 
ditions of  the  three  different  stages  of  derelopmcnt,  which  the  three  cross- 
rows  (I.,  II.,  III.)  represent,  are  selected  to  correspond  as  exactly  as  pos^sible. 

The  first,  or  npper  cross-row,  I.,  represents  a  very  early  stage,  with  gill- 
openings,  and  without  Hmbs.  The  second  (middle)  cross-row,  II.,  shows  a 
somewhat  later  stage,  with  the  first  radiments  oi  limbs,  while  the  gill- 
openings  are  yet  retained.  The  third  (lowest)  crossHX)w,  IIL,  shows  a  Ftill 
later  stage,  with  the  limbs  more  dereloped  and  the  gill-openings  lost.  The 
membranes  and  appendages  of  the  embryonio  body  (the  amnion,  yelk-sac, 
allantois)  are  omitted.  The  whole  twenty >loar  figures  are  slightly  magnified, 
the  npper  ones  more  than  the  lower.  To  facilitate  the  comparison,  they  are  all 
redoced  to  nearly  the  same  siae  in  the  cnts.  All  the  embryos  are  seen  from 
the  left  side :  the  head  extremity  is  above,  the  tail  extremity  below ;  the 
arched  back  tnmed  to  the  right.  The  letters  indicate  the  same  parts,  in 
all  the  twenty -fonr  figures,  namely:  r,  fore-brain;  t,  twixt-brain ;  m,  mid- 
brain; hy  hind-brain;  n,  after-brain;  r,  spinal  marrow;  e,  nose;  a,  eye; 
0,  ear ;  k,  gill-arches  ;  j{,  heart ;  «i7»  vertebisal  oolnmn  ;.  f,  fore-limbs  ;  K  hind* 
limbs  %  s»  taiL^*^ 
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CHAPTER  XII. 

THE  GERM-MEMBRANES   AND  THB  FIRST   CIRCULATION 

OF   THE   BLOOD. 

rhe  Mammalinn  Organisation  of  Man. — ^Man  has  the  same  Bodilj  Stractnrc 
as  all  other  Mammals,  and  his  Embryo  develops  in  exactly  the  same 
way. — In  its  Later  Stages  the  Unman  Embryo  is  not  essentially 
di£Fercnt  from  those  of  the  Higher  Mammals,  and  in  its  Earlier  Stages 
not  even  from  those  of  all  Higher  Vertebrates. — The  Law  of  the 
Onto;;enetic  Connection  of  Systemntically.Itelated  Forms. — Application 
of  this  Law  to  Man. — Form  and  Size  oF  the  Human  Embryo  in  the 
First  Foor  Weeks. — The  Human  Embryo  in  the  First  Month  of  its 
Development  is  formed  exactly  like  that  of  any  other  Mammal.—In  the 
Second  Month  the  First  Noticeable  DifTerences  appear. — At  first,  the 
Human  Embryo  resembles  those  of  all  other  Mammals;  later,  it 
resembles  only  those  of  the  Higher  Mammals. — ^The  Apiendages  and 
Membranes  of  the  Hunum  Embryo. — The  Telk-sao. — The  Allantois  and 
the  Placenta. — The  Amnion. — ^The  Heart,  the  First  Dlood-vesHcl:<, 
and  the  First  Blood,  arise  from  the  Intestinal-fibrons  Layer. — The 
Heart  separates  itself  from  the  Wall  of  the  Anterior  Intestine. — The 
First  Circulation  of  the  Blood  in  the  Gcrm.area  (a.  germinativa)  : 
Yelk-arteries  and  Telk-veins. — Second  Etubryuiiic  Circulation  of  the 
Blood,  in  the  Allantois :  Navel -artei'Ios  and  Navel- veins. — Divisions  of 
Human  Germ-history. 

**  Is  man  a  peculiar  organism  ?    Does  he  originate  in  a  wholly  different 

way  from  a  dog,  bird,  frog,  or  fidh  ?  and  does  he  thereby  justify  those  who 

assert  that  he  has  no  place  in  nature,  and  no  real  relationship  with  the 

lower  world  of  animal  life  P    Or  does  he  develop  from  a  similar  embryo, 

and  nndergo  the  same  slow  and  gradual  progressive  modifications  f    The 

answer  is  not  for  an  instant  doubtful,  and  has  not  been  doubtful  for  the  last 

thirty  yean.    The  mode  of  man's  origin  and  the  eai-lier  stages  of  his 
2G 
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a  nnilDnbtedlf  identical  with  thowi  of  the  anit 

lim  in  tbe  Beale ;  without  the  eli^lilesL  dtnibl.  ha  ai 

rcr  tlie  ape  tban  tho  ape  docj  to  tba  d(>g,"^TauiuB  □ 


Tub  most  important  phenomenon,  having  a  general  bearii 
that  we  have  so  far  met  with  in  the  process  of  human  g 
hiatoiy,  is  surely  the  fact  that  the  development  i 
human  body  proceeds  from  the  beginning  in  exactly  I 
same  way  as  that  of  other  Sfanimals.  All  tlie  i 
peculiarities  of  individual  development  whit-h  distingi 
Mammals  &om  all  other  animals  are  found  also  i 
Long  ago,  from  the  physical  structure  of  the  peifect  i 
the  cunclusion  was  drawn  that  his  natural  position  i 
system  of  the  animal  world  can  only  be  in  the  mammal 
class.  In  1735  Linnieua,  in  his  S'jatev^a  A"«(itne,  plat 
Man  in  one  and  the  same  class  with  the  Api;s.  This  poaiti 
ia  fully  corrohoiated  by  comparative  germ-history, 
have  evidence  that,  no  less  in  embryonic  development  thi 
in  anatomical  structure,  Man  closely  resembles  the  higl 
Mammals,  and  espetnally  the  Apes.  If  wu  now  seek, 
applying  the  fundamental  biogenetic  law,  to  understand  tl 
ontogenetic  agreement,  the  perfectly  simple  and  necc 
conclusion  is  that  Man  is  descended  from  otlier  m 
forms.  Hence  we  can  no  longer  doubt  the  common  dea 
of  Man  and  the  other  Mammals  from  a  single  priiniv 
parent-foiTn,  or  hesitate  to  believe  that  the  hlood-t 
ship  is  closest  between  Men  and  Apes. 

This  essential  harmony  between  the  embryo   of 
and  of  the  other  Mammals,  in  their  whole  bodily  form  i 
internal  structure,  exists  even  in  that  latest  age  of  develop- 
taant,  in  which  tlie  mammalian  body,  as  such,  la  alreadf 
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unmistakable.  (Cf.  Plates  YI.  and  YII.,  the  second  row.) 
But  in  a  somewhat  earlier  stage,  in  which  the  rudi* 
ments  of  the  limbs,  the  gill-arches,  the  sense-organs,  etc.. 
are  already  present^  we  cannot  yet  recognize  mammalian 
embryos  as  such,  nor  can  we  distinguish  them  from  the 
embryos  of  Birds  and  Reptiles.  If  we  go  back  to  still  earlier 
stages  of  development,  we  are  unable  even  to  discover  any 
distinction  between  the  embryos  of  these  higher  Vertebrates 
and  those  of  the  lower,  such  as  the  Amphibia  and  Fishes 
(Plates  VI.,  VII.,  upper  row).  Finally,  if  we  go  still  further 
back,  to  the  construction  of  the  body  from  the  four 
secondary  germ-layers,  we  make  the  surprising  discoveiy 
that  these  same  four  germ-layers  exist,  not  only  in  aU 
Vertebrates,  but  also  in  all  the  higher  Invertebrates,  and 
that  they  are  everywhere  concerned  in  the  same  way  in 
forming  the  fundamental  organs  of  the  body.  And  if  then 
we  inquire  into  the  origin  of  these  four  secondary  germ- 
layers,  we  find  that  they  develop  from  the  two  primary 
germ-layers,  which  are  identical  in  all  animals,  with  the 
exception  of  the  lowest*  division,  the  Protista.  (C£  Figs. 
23-28,  p.  93.)  Finally,  we  see  that  the  cells,  which  compose 
the  two  primary  germ-layers,  universally  originate  by 
fission,  from  a  single  simple  cell,  from  the  egg-celL 

It  is  impossible  to  lay  too  much  stress  on  this  remark- 
able parallelism  of  the  most  important  germ-conditions  of 
man  and  animals.  We  shall  afterwards  turn  the  fact  to 
account  in  support  of  the  hypothesis  of  monophyletic 
descent^  i.e.,  the  assumption  of  the  common,  single  line  of 
descent  of  man  and  the  higher  animal  tribea  It  declares 
itself  in  the  very  beginning  of  the  individual  development ; 
in  the  cleavage  of  the  egg-cell,  in  the  formation  of  the 
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gorni-layera,  in  the  iiaaion  of  these,  in  the  construction  of  tie 
mont  important  fundamental  organa  from  these  germ-layen. 
etc.  The  Grst  rudiments  of  the  principal  parta  of  the  body. 
and,  above  all,  of  the  oldest  main  organ,  the  intestinal  canal, 
are  everywhere  originally  identical;  they  always  appear  in 
the  same  simplest  form.  But  all  the  peculiarities  by  which 
the  vanous  larger  and  smaller  groups  of  the  animal  kingdom 
are  ditijrentiated  from  one  another  only  make  their  appear- 
ance gradually,  and  secondarily,  in  the  course  of  the  evoln^  ■ 
tion  of  the  germ  ;  and  those  which  distinguish  the  auimlbl 
most  closely  allied  in  the  system  of  the  animal  kiiigil'W 
are  the  latest  to  apiwar.  This  latter  phenomenon  can  h* 
formulutcd  as  a  definite  law,  which  may  bo  regarded  as,  in 
some  sense,  an  addition  or  appendage  to  the  fundamental 
law  of  Biogeny.  It  is  the  law  of  the  ontogenetic  connection 
between  systematically  allied  animal  forma.  The  meaning 
of  this  is  that  the  nearer  two  full-grown  perfect  animals  aw 
to  each  other  in  point  of  general  body-structure,  and  hew* 
the  more  closely  they  are  allied  in  the  system  of  the  animal 
kingdom,  the  longer  do  their  embryonic  forms  remain  the 
oame,  and  the  longer  are  their  embryos,  and  tlieir  young 
forma  in  general,  either  aJtogether  indistinguishable,  or  d 
tinguishable  only  by  subordinate  characters.  This  ' 
liolds  good  of  all  animals  in  which  the  original  form  of  c 
liition  has  been  coiTectly  inherited  palingenetically.  or 
"  inherited  evolution  ".  Where,  on  the  other  hand,  this  o 
ginal  form  has  been  altered  kenogenetically.  or  by  "  vitiat 
evolution,"  the  law  is  leas  true  in  proportion  i 
number  of  new  evolutionary  conditions  have  been  intr 
duced  by  adaptation  (c£  pp.  10-14),"" 

If  we    apply   this   law   of  the   ontogenetic  connec 
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between  systematically  (and  hence  also  phylogenetically) 
allied  forms  to  Man,  and  if,  with  refm-ence  to  this  law,  we 
rapidly  run  through  the  earliest  human  conditions,  the  iirst 
striking  thing  noticeable  in  the  early  history  of  the  germ 
is  the  morphological  identity  of  the  egg-cells  of  Man  and 
of  other  Mammals  (Fig.  1).  All  the  properties  that  cha- 
racterize the  mammalian  egg,  are  also  observable  in  tlie 
himian  vgg;  especially  that  characteristic  atructui-e  of  its 
coating  (the  zona  piMti'Cidn)  which  clearly  distinguishes 
the  mammalian  egg  from  that  of  all  other  animals.     When 

Pio.  ISl.-'Ljre-iliBped  RFrm-shield  of  a  iloj(. 
"  Dooblo  thiisld  "  u(  Uemak,  "  embry onii;  rudiDitiit  ' 
of  other  authors.)  Tlie  lioraal  taTTow  is  visibl-i  in  tlio 
«entn>i  on  either  Bido  aro  tlip  modnUur^  swplliiigs, 

the  human  embryo  is  fourteen  days  old, 
it,  like  all  other  luammaliau  embryos,  is 
in  the  form  of  an  entirely  simple,  lyre- 
ahaped  germ-shield.  Along  the  middle 
line  of  the  dorsal  side  of  this,  there  ap- 
pears the  rectilineal,  groove-shaped  medul- 
lary furrow,  bordered  by  the  two  parallel 
donial,  or  medullary  swellings.  The  ventral  aide  is  attacln><t 
to  the  wall  of  the  globular  intestinal  germ-vcsicle,  Tri  Uiis 
gtoge  the  human  embryo  is  one  line,  or  two  milliuietres 
in  length.  It  is  not  distinguishable  from  that  of  other 
Mwnmalu,  eg.,  of  the  Dog  (Fig,  121)."« 

A  week  later,  or  at  the  end  of  the  twenty-first  day,  the 
human  embryo  has  already  attained  twiw  this  longtli ;  it  is 
now  two  linen  or  alxiut  five  millimetres  in  loiigtii  and  already 
ahowH,  when  si-eii  from  the  side,  the  characteristic  curvature 
of  the  li«ek,  the  ewelluig  of  the  head  eml,  the  earliest  nidi- 


I 


THE   EVOLUTIUN   OF  MAS. 


36S 

ments  of  tlie  higher  senae-organs,  and  the  nidinit>nt« 

gill-openings,  piercing  the  sides  of  the  neck  (Fig.  12 
Plate  VII.  Fig,  M  I.J.    Tin  allantois  has  grova 


nt«  of  tlnfl 
,  i-^f  in ." 


Flo.  123, — Hnimui  mrms  or  enliryos  tnini  ihe  eeiiatid  to  the  fiftceaik 
week  (natarol  Bii«),  seen  from  the  left  side,  the  arohed  b*ck  tamed  toourfi 
theriKht.  (PrinciluU?  BftfT  Eckcr.)  11.,  hanwD  einlirro  of  U  dsi-a;  tIL,i« 
airMks:  IV.,ot4  w.-c)tB;  V-ofoweekai  7I..ot  I!  w«>k»;  VII.or7»i>^t 
Vin.,  of  8  weeks  i  XII,,  of  12  weekB;  XV.,  of  1 5  weeks, 

hind  end  of  the  intestine.  The  enihiyo  is  alnjady  entir^fl 
enveloped  by  tlie  amnion,  and  is  now  only  connected  v 
the  germ-vesicle,  which  is  changing  into  the  yetk-sac  I7I 
means  of  the  yelk-duct,  in  tlie  centre  of  the  abdomen. 
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In  this  stage  of  development,  the  extremities,  or  limbo, 
are  still  entirely  wanting ;  there  is  as  yet  no  trace  either  of 
arms  or  legs.  The  head  end,  however,  has  already  become 
markedly  distinct  or  differentiated  from  the  tail  end  ;  more- 
over, the  first  rudiments  of  the  brain-bladders  appear  in 
fronts  and  the  heart  appears  more  or  less  distinctly  on  tlie 
anterior  intestine.  A  real  face  is,  however,  not  yet  formed. 
We  may  also  search  in  vain  for  any  character  distinguishing 
the  human  embryo,  in  this  stage,  from  that  of  other  Mammals. 
(G£  Kg.  M L,  E I.,  CI.,  and  // 1,  on  Plate  VII.)i«» 

Another  week  later,  at  the  end  of  the  fourth  week, 
between  the  twenty-eighth  and  the  thirtieth  day  of  develop- 
mentk  the  human  embryo  is  four  or  five  lines  in  length,  or 
about  one  centimetre  (Fig.  122,  IV  ,  Plate  VII.  Fig.  M  II.). 
The  head  with  its  various  parts  is  now  plainly  disthiguish- 
able :  within,  the  live  primitive  brain-bladders  (fore-brain, 
mid-brain,  twixt-brain,  hind-brain,  and  after-brain) ;  at  the 
lower  end  of  tlie  head,  the  gill-arches,  which  divide  the 
giU-openings ;  on  the  sides  of  the  head  the  rudiments  of 
the  eyes,  two  indontations  of  the  outer  skin,  towards  which 
grow  two  simple  bladdei-s  from  the  side- wall  of  the  fore- 
brain.  Far  behind  the  eyes,  above  the  last  gill-arch,  the 
bladder-like  rudiment  of  the  organ  of  hearing  is  visible. 
The  head,  which  is  very  large,  is  attached  to  the  trunk  at 
a  veiy  considerable  angle,  almost  a  right  angle.  Tlie  trunk 
itself  is  still  attached  at  the  centre  of  its  ventral  side  to  the 
intestinal  germ-vesicle;  but  the  embryo  is  already  still 
further  separated  from  the  latter,  which,  therefore,  protrudes 
and  forms  the  yelk-sac.  Like  the  front  part,  the  hind  part 
of  the  body  is  very  much  ciurved,  so  that  the  pointed  tail 
uod  is  turned  towards  the  head.     The  head  rests,  face  down- 
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Ftn.  IS3. — BnDian  cmbrjo  of  four  wcvka  old,  oprnrd  on  tho  T^nml  ■ 
Tbc  millB  of  the  vbe>t  mid  ■iKiomen  haie  beea  oat  Kwajr,  «ii  that  the  c 
i>f  tlxi  cbe8(  and  ventral  onritiee  are  Tisible.     All  the  appcndafps  ^a 
allniitiHi,  soil  jelk-ioc)  ha*e  bom  remoied,  and  also  the  middle  portkia  uf 
tho  inlestine  :  *,  eje  ;  3,  nose  ;  4,  npgipr  jkw  ;  5,  lower  jaw  i  6.  the  Miwd  ■ 
gill^arcfa,  and  6"  the  thiH;  ov,  heart  (o,  ri^it,  »',  left  anriclr;  «,  lighliW^gJ 
left  rentriele) ;  ft,  origin  of  the  aorta ;  /.  lirer  (u,  narel-vein)  g  a.  inteilil^H 
(wilh  the  jrelk-arleiy.  citt  aw«j  at  o')  ■  j',  ydk-veia  :  m,  primitim  kMai^'^ 
(,riidiuii:ntsi>r  the  atiiinl  |>liiiidB;  r,  lerTninatintratiiie  (with  mcaentrrj,  I,<mA 
anat) ;  n,  niTpl-nrtPi-;  ;  >>,  nnvel.Tein  i  7,  M1U8  j  8,  tail  j  V,  fiunl  limb ;  S*. 
hiaii  litub.     (Att«r  Cotte.) 
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Fio.  124. — Hainan  embrjo  of  five  weeks  old,  opened  on  the  Tentral  side 
(as  in  Fig.  123).  The  chest  and  ventral  walls,  with  the  liver,  have  been 
removed;  3,  oater  nasal  process ;  4,  npper  jaw  ;  5,  lower  jaw  ;  «,  tongno  ;  v, 
right,  v*,  left  ventricle  of  heart;  o',  left  auricle;  6,  origin  of  the  aorta; 
h'  h"  h**'^  first,  second,  third  arterial  arches ;  c,  c',  c",  hollow  veins  {v*nm 
eavat^l  ae,  lanp:s  (y,  arteries  of  Inngs) ;  e,  stomach;  tn,  primitive  kidnevs; 
Ij,  left  yelk- veins;  »,  vena  porta;  a,  right  yelk.artery ;  n,  navel-artery; 
",  navel.vein) ;  js,  yelk-doct ;  t,  large  intestine ;  8,  tail ;  9,  front  limb ; 
9',  hind  limb.     (After  Coste.) 

ward,  on  the  yet  open  chest.  The  curvature  presently 
becomes  so  great  that  the  tail  almost  touches  the  forehead 
(Fig,  122,  V. ;  Fig.  187).  Three  or  four  distinct  curves  of  the 
arched  dorsal  side  are  now  distinguishable ;  a  skull-curve  or 
"front  head-curve"  near  the  second  brain-bladder,  a  neck- 
curve  or  "  hind  head-curve  "  at  the  beginning  of  the  spinal 
marrow,  and  a  tail-curve  at  the  hind  end  of  the  body.  This . 
marked  curvature  is  shared  by  Man  with  the  three 
higher  classes  of  Vertebrates  (the  Amnion-animaLs),  while 
in  the  lower  classes  it  is  either  much  less  pronounced,  or 
altogether  absent.  In  this  stage,  when  four  weeks  old,  Man 
has  a  true  tail,  double  the  length  of  the  legs.  The  nidi- 
ments  of  the  limbs  are  now  plainly  marked :  four  entirely 
simple  buds  in  the  form  of  roundish  plates,  two  fore  liml»s 
and  two  hind  limbs,  the  former  being  a  little  larger  than 
the  latter.^w 

On  opening  the  human  embryo  of  the  age  of  one  month 
(Fig.  123),  we  find  the  intestinal  canal  already  formed  in  the 
body-cavity,  and  that  it  is.  nearly  completely  separated 
from  the  germ-vesicle.  The  mouth-opening  and  anus 
already  exist.  The  cavity  of  the  mouth  is,  however,  not 
yet  separated  from  that  of  the  nose,  nor  is  the  face  in 
general  yet  formed.  The  heart,  on  the  other  hand,  already 
shows  all  the  four  compartments ;  it  is  very  large,  filling 
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most  the  entire  chest-cavity  (Fig.  123,  ov).  Behind  it  tht' 
Bmall  rudiments  of  the  luDgs  lie  concealed.  Th« 
primitive  kidneys  are  very  largo  (Fig.  123,  m.),  occupying 
the  greater  part  of  the  ventral  cavity,  and  extending  frtim 
the  liver  (J)  to  the  pelvic  intestine.  Thus  at  the  end  of 
the  first  month,  alt  the  essential  parts  gf  the  body  ^ 
alieody  begun;  and  yet,  in  this  8t)V<re,  we  are  still  iinalJe 
to  discern  any  characters  essentially  distinguishing  tbo; 
human  embryo  from  those  of  the  Dog,  the  Itablit,  t 
Ox,  the  Horse,  or,  indeed,  of  any  of  the  higher  MammiiU 
All  these  embryos  are  etill  of  the  same  form,  and  at  1 
ditfer  from  the  embryo  of  Man  only  in  the  general  dimen- 

s  of  the  body,  or  in  the  size  of  the  individual  (. 

diti'erences  of   no   moment.     Thus,  fur  example,  the  head, 

relatively  to  the  trunk,  is  a  little  laiger  in  Man  than  in  the 

8heep ;   in  the  Dog  the  tail  is  somewhat  longer 

Man.     But  these  are  all,  evidently,  very  tritiing  dltferenoes 

indeed,  and  of   no   importance.     On   the   other   Iiaiid,  Um 

..  whole   internal   and   external   organization,  the   form,  Um 

kdisposition,  and  the  connection  of  the  separate  parttt  uf  tliB 

f  l)ody  of  the  germ  are  essentially  the  same  in  the  hui 

embryo   of    four   weeks,  and    tn    the    embryos   of   other 

Mammals  in  a  corresponding  stage  of  development. 

But  the  case  is  different  even  in  the  second  month  o( 

'  human  development.     Fig.  122  represents  a  human  genu, 

I' VI.,   of  six   weeks,  VIL,  of  seven   weeks,  VIIL,  of  eigU 

I  Weeks,  in  the  natural  size.     The  ditfurcnces  which  disiin* 

'  guish  the  human  embryo  from  those  of  the  Dog  and  tbft 

lower  Mammals,   now   gradually   begin   to    becume   mun 

prominent.     Even  after  the  sixth,  and  yet  more  aiW  tbi 

eighth  week,  considerable  ditl'orencas  are  visible,  especialtf 


DEVELOPMENT  OF  THE  DISTINCTIVE  HUMAN  CHABACTER&   373 

in  the  structure  of  the  head  (Plate  VII.  Fig.  M  III.,  eta). 
The  size  of  the  various  divisions  of  the  br^in  in  Man  ia 
now  greater,  while,  on  the  contrary,  the  tail  appears  shorter. 
Other  differences  between  Man  and  the  lower  Mammals  are 
to  be  seen  in  the  relative  dimensions  of  the  interior  parts. 
Yet  even  now  the  human  embryo  is  hardly  distinguishable 
fix>m  that  of  the  nearest  allied  Mammals,  the  Apes,  and 
especially  the  anthropomorphic  Ape&  The  characters  which 
distinguish  the  human  embryo  from  those  of  Apes  make  their 
appearance  much  later ,  even  in  a  very  advanced  stage  of 
development^  in  wliieh  the  human  embryo  is  instantly 
distinguishable  from  that  of  hoofed  animals  (I/Vi^u^to),  the 
former  is  still  very  similar  to  the  embryo  of  the  higher 
Apes.  At  length,  in  the  fouith  or  fifth  month  these  charac- 
ters make  their  appearance,  and  during  the  four  last  months 
of  the  embryonic  life  of  the  human  being,  from  the  sixth 
to  the  ninth  month  of  pregnancy,  the  human  embryo  is 
readily  distinguishable  from  those  of  all  other  Vertebrates ; 
then  the  characters  which  distinguish  the  various  races  of 
mankind  also  make  their  appearance,  especially  those  in 
the  structure  of  the  skulL 

The  striking  resemblance  which  exists  for  a  long  time 
between  the  embryos  of  Man  and  of  the  higher  Apes  dis- 
appears, moreover,  at  a  much  earlier  period  in  the  lower 
Apes.  It  is  naturally  retained  longest  in  the  large  anthro- 
pomorphic Apes  (the  Gorilla,  Chimpanzee,  Orang-outang,  and 
Gibbon;  Plate  XIV.).  The  facial  resemblance,  which  strikes  us 
in  these  man-like  Apes,  continually  decreases  with  age.  On 
the  other  band,  it  is  retained  throughout  life  by  the  remark- 
able Nose-apes  {Seranopithecua  nasicus)  of  Borneo  (Fig.  125), 
the  well-shaped  nose  of  which  might  well  be  coveted  by  men 
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ill  whom  this  organ  is  too  slinrt  Ou  cntnparing  tlie  face  a! 
this  nosed  monkey  with  that  of  specially  apc-Uke  hiitnaii 
beingH    {e.ij.,  the     notv<l    Julta    Pastrana,     Fig      1-C),    UlV 


Fio.  125.— Uead  of  a   uosc-apc    (Semni 
(Aftor  Breliui.) 

Flu.  126.— Head  of  Jnlia  I^atnuia.     (Fi 


pliotograph  bj  Uintic.) 


former  will  appear  a  higher  form  of  development  than  tlie 
latter.  There  are  very  many  persons  who  believe  tliat  llie 
"image  of  God"  is  unmistakably  reflected  in  their  own 
features.  If  the  Nosed-ape  shared  in  this  singular  opbio 
he  would  hold  it  with  a  better  right  than  some  anub-noi 
people.*"* 

This  gradually  progressive   separation,  this   incre 
divei^ence   of  the   human  from   tiie   animal   form,  whi 
depends  on  the  law  of  the  ontogentic  connection  i>etwi 
systematically  allied  fonns,  is  seen  nut  only  in  tlie  exter^ 
stnicture    of  the  IxKly,  but   also  in  the  ftmiiation  of  | 
internal   oi^ns.      It    is   even  expressed   in  the  fomiatft 
of  the  coverings  and  appendages  that  are  found  n>und  1 
outside  of  the   embrj'o.  and   which  we  are  now  about  4 
ctmsider  somewhat  more  in  detaiL     Two   of  tJiese  appen* 
dages,  the  amnion   and  the  allantois,  belong  unly   tu  tbt 
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three  higher  vertebrate  el&sses,  while  the  third,  the  yelk- 
sac,  occurs  in  most  Vertebrates.  This  circumstance  is  very 
significant,  and  we  shall  afterwaids  find  that  it  affords 
material  assistance  towards  the  construction  of  the 
genealogical  tree  of  Man. 

The  nature  of  the  outer  egg-membrane,  which  surrounds 
the  entire  egg  embedded  in  the  uterus  of  the  Mammal,  is 
the  same  in  Man  as  in  the  higher  Mammals.  At  first  the 
^gg  5s  surrounded,  as  we  have  already  stated,  by  the  trans- 
parent, structureless  zona  pellucida  (Fig.  1,  p.  122,  and  Fig. 
36-40,  pp.  210-212).  Very  soon,  however,  even  in  the  first 
week  of  development,  its  place  is  taken  by  the  permanent 
tufled  membrane  (chorion^  This  originates  from  the  outer 
fold  of  the  amnion,  from  the  80-calle<l  serous  membrane, 
the  formation  of  which  we  shall  presently  examine.  It  is 
formed  of  a  single  stratum  of  cells  from  the  outer  germ- 
layer,  the  skin-sensory  layer  At  its  first  appearance  the 
serous  membrane  is  an  entirely  simple,  flat,  closed  vesicle , 
like  a  wide  sac,  closed  in  all  directions,  it  surrounds  the 
embryo  with  its  appendages;  the  mtermediate  space  be- 
tween the  two  is  filled  with  clear  watery  fluid.  At  an 
early  period,  however,  the  smooth  outer  surface  of  the  sac 
becomes  covered  with  numerous  small  tufts  or  knots,  which 
are  really  hollow  processes,  resembling  the  fingers  of  a  glove 
(Fig.  127;  139,  4  sz,  5  chz).  These  branch  and  grow  into 
the  corresponding  depressions  formed  by  the  bag-like  glands 
of  the  mucous  membrane  of  the  maternal  uterus ;  the  esr^ 
thus  acquires  its  permanent,  fixed  position  (Figs.  130,  132, 
134). 

In  the  human  egg,  even  betweer  the  thirteenth  and 
fourteenth  day,  this  outer  egg-membrane,  which  we  shall 


376  THE   EVOLUTION   01'  MAN. 


9   m 


FtO.  ISO. 

Fio.  127.— Hnmsn  egg  betw^n  tbe  twelfth  anit  IhirtcMith  d«f. 
Alien  ThiiDiaoii.     1,  Not  openpd  ;  nacnrul  sizn.     2.    Opancd. 
Within  the  onter  tnfled  raembranQ  (c/iun'ini)the  amM  curved 
tbo  leftuf  the  upper  »id»  of  the  Urge  jntestinnl  germ-veniclcs. 

PlO.  128.— Human  agg  on  the  fiftronth    day.      After    ABen 
NatnFKl  die,  and  0|ieued.     The  emal)  germ  lies  in  tbe  upper  righV^nd  [a«t 
oFtho  right  half. 

Tia.  129, — Hnman  gprm  on  the  fifteenth  day,  takeu  firnn  Iho  •nrs; 
enlarged  :  a,  Telk-aac  i  b,  region  of  the  neck  (whore  tbe  raednlbujr  furroir  ■ 
alreudjr  cloacd);  c,  head  put  (with  npen  mednllarj'  ronow)  ;  d,  hind  pwi 
(with  open  medullary  furrow)  •,  e,  a  ghiwi  of  tbo  BDinion. 

Fio.  130.— Human  egg  betwi>en  the  twentieth  and  twenty -wixjati  day. 
After  AIIpu  Thomson.  Natural  «ize  i  opened,  Tbe  outar  tuftiod  mvmhnw* 
frliDi-inn)  forma  a  caparjous  Tosiclo.  to  the  inner  wall  of  whioh  the  Hnail 
g.'rm  (ahove,  on  the  rig-ht)  is  attached  by  a  short  nsTel-oord. 

Fia.  131, — Human  g:erm  between  the  iweniiath  and  twenty .teouai)  da;, 
taken  out  of  the  egg:  enlarged  ;  a,  amoioa;  t>.  jelk-sac  :  e,  lower  jaw  puma 
of  the  Snt  gilt.arch;  d,  upper  jaw  proeen  of  the  aaroej  i,  lecoiul  gtll-irck 
(behind  it  are  two  other  small  arches).  Three  glU-c^ningi  >re  rery  ptainly 
■eeo ;  /,  rttdimenls  of  tbe  fore-limbs  i  j.  enr-vesiclc  :  K  eje  i  i,  heart. 


J 
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briefly  call  the  tufted  itiembrane  (chorion),  is  completely 
covered  with  Rinall  knots  or  tufts,  and  fomiB  a  glohe  or 
sphere  of  C-S  milUinetres  in  diameter  (Figs.  127-129.)  In 
conaeqaeneo  uf  the  accumulation  of  a  large  uia^  of  liquid 
in  the  inside,  the  tufted  membrane  (cliorion)  continually 
increases  in  size,  so  that  the  embryo  occupies  only  a  small 
\ta.Ti  uf  the  space  within  the  egg-VJadder  At  the  same  time 
the  tufts  on  the  chorion  increase  in  nuniiiiT  and  »izL^.  and 


'■"-^'^^^m^ 


ami  allanliiU,  in  the  tliinl  wpck  i 
a  blodder-liko  ulliiiJtoia  (ri)tli()  j 
»  IkppoDdBf^a  lire  Burrouudud  by 


Fm.  1.12.— Human  embrjo,  with  iimti 
Willi  n  Urge  globular  jc1k-B»i"  (Ueluw)  ai 
Iheni  arv  (m  yet  no  limba.  Thu  Kcrni  an< 
the  taftoH  luemlinuie  (rhnWnn). 

Fro  13:1— flumnn  eu'brr>i,  (rith  BmnioD  oiid  Hltaiitniit,  in  the  tourtL 
week.  (Aflei  Kr»n»e.>  Tbo  »niniun  (ic)  lice  prtlty  oIobo  to  the  bwly.  Tho 
grmUr  pnrt  nf  IKb  yiilk-iMKi  (J)  haa  bwin  lorn  away.  Bvhitiii  lhi»  the 
allkntnl*  (()  ia  visilile.  at  a  ponrflhni^d  VMiclB  of  niniiiil>'n>l>le  «li».  Anna 
(/)  and  logs  (t)  »ro  juat  buginuingj  v,  fon-bmin  1  1.  twkl-bminj  ni, 
Diid-hmlnt  K  hind-brein  j  »,  after-bniui  1  o,  eje  j  *,  three  (pU^cbca ,  e, 
boart  1  1,  loil. 
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only  in  the  three  higher  dosses  of  Vcrtebmtea     It 
from  the  hind  end  of  the  intestinal  canal,  from  the  pel' 
intestinal  cavity  (Figs,  133,  /,  135,  r,  u,  136.  p.  139.  nl). 


k 


Flo.  135.— IiiMiftitndiD&l  wctinn  thrniiith  the  ombT70  of  >  Chick  (in 
firth  dsf  of  incabutioD).  The  embrjo  wUli  curved  doreal  lurfaoe  (liUu 
il,  mtesCinc  ;  o, mouth ;  a,  odiu;  1, lungs;  li,  liver;  f,  metentcr/:  f, Kirii 
k.  vpDtride;  h,  arterial  archea ;  I,  aortk  i  e,  j'«lk-nu) ;  n.  jrelk-doirti 
allBDtois;  r  italk  ot  nlbnUiis;  »,  anmliiD ;  ir,  omnnin-oiiTiLy ;  >,  ta 
TDembraoe.     [ACler  Boer.) 

fii-st  irudiiiient  appears  as  a.  small  ve.iicle  on  the  edge  of 
polvic  intestinal  cavity,  representing  an  exUmtiian  of 
intestine,  and  therefore  (like  the  yelk-sae)  lias  a  two-laye 
wall.  The  caWty  of  the  vesicle  is  coated  by  the  intisttii 
glandular  layer,  and  the  outer  lamella  of  the  wall  ix  ffim 
hy  the  thickened  intestinal-tihrous  layer.  The  Kiuall  ve« 
grows  larger  and  larger,  and  forms  a  sac  of  considerable  a 
filled  with  U(|uid.  and  in  the  wall  of  which  large  hlo 
vessels  fonn.     It  soon  reaches  the  inner  wall  of  the  e 
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cavity,  and  sjtreads  itaelf  out  on  the  inner  surface  of  tho 
chorion.  In  many  Mammals  Ltiu  allantois  becomes  so  largo 
that  it  finally  siiiroumls  the  whole  embryo  with  its  other 
appendages,  aa  a  great  covering,  and  extends  over  the  whole 
ler  surface  of  the  egg-membrane.  On  cutting  such  an 
egg.  the  fiist  thing  met  with  is  a  large  space  filled  with 


Fid.  131.— RinlirjoiirDn);.  Iwpiily-livi' i!]iys(i1il.n(wiiedr>n  tlie  vnnUntviils 
(as  IB  Kiipi.  llMauJ  135).  Uliest  nml  v«ii[ral  witllii  Iintp  l>iien  r«iDornd:  a, 
noW'plU;  li,ejvti  c, lUKtoT'JMw  (Ariit  gill.BToh) ;  J,  icrainil gill'BKh ;  «/ir^i 
heart  (r.  riglil./i  loft  uariate ;  g,  riglit.  A,  loft  rcnLriolp)  1  t,  oorlu  (oriirin  uf)i 
ik,  liv«r  (in  llip  miUille  botweon  the  two  Uiboa  ia  tliB  cut  ;Hk.Ti!tii)i  1, 
Nlomaoh I  m,  intantint^  1  n,  yelk-aao  ;  0,  priinltiire  Ici'lnn;*:  f,  alliint'iloi  q, 
ton-linbt  I  h,  hinil-tiinbe.   The  crooked  emlirju  Ima  boon  (tretcbntl  attalght. 
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fluid;  this  is  the  allantois  cavity,  and  it  is  only  aftt-r  ( 
removal  of  this  membrane  that  the  real  emlirj'onic  I 
which  is  eiieloaed  in  the  amnion,  is  I'uund. 

In  Man,  thu  allantois  dues  not  attajn  so  great  a  $ 
lint  losing  ite  vesicniar  funii,  changes  into  this  jiliu 
Boon  afti-i-  it   has  reached  the  inner  wall  of  the   churidj 


Fio.  1.17.— Emliryu  of  «  Di(j;,  from   the  riRht  tridn :    n,  th»  firwt  l> 
IjImJdor  i  b,  BMoiid !  r,  thini :  li,  loiirlh  j  r.  Ilic  rye ;  /,   Ihn  ear-v) 
flrsi  (till-nn'h  {g,  lower  jaw,  h.  ■ipi>er  jiiw)  1  i,  urcoinl  pill.areh  1  Via,  bi 
H,  riKlit  nnrir1i< :  I.  riglit.  Tont.riclH  i  m,  left  Tc!iitrio1i>) :  n.  beic-nniuK  "^  % 
luicta  1  o.  honrt  poarrli ;  p,  liTor :  >;.  intratilio  :  r,  f  plk-doct  i  ■.  yolk-H 
nwnj')'.   I.  allniitois  (tvru  nwny)  ;   u.  nniiiiou  :  v,  fum-liiiili  1   r,  liliid-Ui 

Vet  even  in  Itfan  the  first  rudiment  of  the  allantois  w  • 
Htalkcd  jiear-shapwl  Ma<ider  {Fig.  133,  /).just  aa  in  uthtt 
Mammals.     I   stated  this  in  1874).  in  the  first  and  BeconJ 
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editions  of  this  book,  and  explained  it  in  the  drawinfr  now 
given  in  Fig.  137.  I  based  the  statement  on  a  very  apt 
deduction.  For  as  the  general  form  and  the  finer  structure 
of  the  placenta  is  entirely  similar  in  Man  and  in  Apes, 
the  origin  of  the  organ  could  not  be  different  in  the  two 
cases.  As,  however,  the  bladder-like  form  of  the  allantois 
of  the  human  being  had  never  been  directly  observed,  I  was 
gravely  accused  by  Wilhelm  HLs  of  falsifying  science.  His 
stated  that  **  it  is  known  that  the  allantois  in  the  human 
being  is  never  seen  in  the  bladder-like  form  "  (!).  Luckily 
for  me,  this  "  never  visible  "  bladder  form  was  actually  seen 
by  Professor  Krause  of  Gottingen  in  the  following  year 
(1875),  and  a  di-awing  of  it,  reproduced  in  Fig.  133,  was 
given.  ^^ 

When  the  bladder-shaped  human  allantois  has  reached 
the  inner  wall  of  the  tufted  membrane  {chorion),  spreading 
itself  flatly  over  the  latter,  it  forms  the  placenta,  which  is 
very  important  to  the  nourishment  of  the  germ.  The  stalk  , 
of  the  allantois,  which  connects  the  embryo  with  the 
placenta,  and  carries  the  large  blood-vessels  of  the  navel 
from  the  former  to  the  latter,  is  enveloped  by  the  amnion, 
and,  together  with  the  amnion-sheath,  forms  the  so-called 
navel-cord  (Fig.  138,  a  s).  The  large  network  of  blood- 
tilled  vessels  of  the  embryonic  allantois  attaches  itself 
closely  to  the  mucous  membrane  of  the  maternal  uterus, 
and  the  partition  wall  between  the  blood-vessels  of  the 
mother  and  those  of  the  child  grows  very  much  tliinnei-, 
thus  giving  rise  to  the  remarkable  apparatus  for  nourishing 
the  embryonic  boJ)  which  we  call  the  placenta,  and  to 
which  we  shall  refer  hereafter.  (Cf.  Chapter  XIX.)  At 
present,  I  will  speak  of  it  only  in  connection  with  the  fact 


tho  DTitluct  (f).     (Xftpr 


(Ornithostovui)  atii]  Pouclii^d  Animals  (Ma rmipittllii),  Imvi-  in- 
[ilac(!nta,  thu  aUanUna  rtiiiiiining  a  Hiuifilo   liliuitlt-r,  lilltii 
with  fluid,  an  in  Birds  and  Reptiles.     Only  in  tho  third  and 
most  highly  developed  manminlian  suli-class,  the  PIacentil>H 
Animals,  ia   a  true  placenlu.  develuped  frino  the  alkntditT 
Tm   the    jduu-ntal   nuli-clasa   belong   the    Hofjfud   Animab,! 
Whales,  Biyists    of   Prey,  Inseet-eating  Animals,   Rixli'uts,! 
Bats.  A|)eB,  and  Men.     This  ciiTHmstanoe  is  ilii-is;t  ovidvnOSI 
that  niiin  has  developed  from  tliis  group  of  Mammals. 

In  connection  with  the  line  of  descent  of  th«  humaafl 
raee,  the  atlantois  is.  therefore,  of  twofold  interest :   firatiy,  J 
bceauHo  this  appends^  is  entirely  wanting  in  the  low 
claases  of  Vcrteliratea,  and  b  developed  only  in  tho  1 
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lonKitnJinat  Bcetions  thron^h  thndeTelop- 

^-ooveringB,     In  Fir.  1-t  the  longituilinnl 

il  through  thu  aai^ttal  pluiu  ur  the  middle  plaoo  of  the  buily,  which 
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lat  it  appears  excliuively  in  tlie  higher  Mstniua)^  not  ii 

le  lower.     CM'  tiho  three  sub-classea  or  principal  gn>u|MaF 

Mammals,  the-  tnu  luwi>r  groups,  the  Beskttl  Auiiuab 


Fig.  138.— £««-«'«"  l"™™*, 
of  tbo  huDuui  irubryu  (diaifii 
inatio) :  m,  tlie  tbii'jc.  HMbr  ■ 
uf  the  ntBTtHi  ;>lu,  pbuHvU 
wliiuh  Ihv  innrr  ttjrt  (pi 
bcwIh  pnKxsimi  in  tit-lwim  i 
(dIU  of  tlie  riioriiui  (rit| ;  i 
luftvi]  ohoriou  1  <*A(,  antDDih  c 
riim  ;  n,  Bmniun  ;  ah,  ■nini 
cuvil  J I  at,  luuaian-iilipath 
the  niiTel.<»nl  (wbich  p*( 
ImIiiW  into  thd  narrt  of  th*  > 
litjii,  not  rvprwDlisl  bn^ 
dg.     jotk-ducl  E      c(i.     jri-lk-M 

di>,  dr.  dbciduk    (iti-.  Imv.  i 

TiiliHi  ileridna).     The  eiiTiljr 

tlie    Dtprui    t"h)    <>|inM   Uib 

ight,  into  ilie  ovltlort  (r).     (*(kl 


Oi"T(  Wiodoma)  and  Pouchtfd  AnimaU  (ihiraupialiit).  have  ii 
placenta,  the  allantoic  remaining  a  simple  bladder,  fill< 
with  fluid,  an  in  Birds  and  Reptiles.     Only  in  Uk  third  as 

t  highly  developed  mammalian  Buh-chwa,  thu  Plact-nb 
Animals,  is   a  true  piacent&  developed  from  Ih-r  aliiiiitoi 

the  placental  ftub-clnss  tx'long  the  Hwifed  Anininl 
Whales,  Beasts  of  I'rey,  Insect-eating  AniniaK  Htnlenl 
Bat«,  Apes,  and  Men.  Tliis  circumstance  is  dirnct  evident 
that  man  has  develojjed  from  this  group  of  Mammals. 

In  connection  with  the  line  of  descent  of  the  hnmi 

race,  the  &llantt>is  is,  therefore,  of  twofold  inteiv^t :    firsll] 

because  this   appendage   is  enUrely  wanting  in  the  iowt 

Idaases  of  Vertebratert,  and  w  develojiod  only  in  the  thrt* 
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J      t 


Fro.  139. — Five  dia^rammatio  longitudinal  sections  thronifh  the  develop- 
ing mammalian  germ  with  its  cgg-ooverings.  In  Fig.  1-4  the  longitudinal 
Bcotion  19  through  tho  sagittal  piano  or  the  middle  plane  of  the  body,  which 
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■epnmtea  the  riRht  uui)  left  halfps  ;  in  Fig.  5  the  gitrtn  is  wwd  fttim  Ihv  1 
side.     In  Fig.  1,  the  procborion  (d),  Btndded  with  WfU   (d*),  i 
gGriD-vimiole,  the  wdII  of  whiah  in  oompased  of    the  two  primarf  ^ 
luyers.      Between  tbs  onter  (a)  and   the  inaer  (•)  gvrm-lBjrtir  will: 
lliiiita  of  the  germ-aren  (nrea  genninativa)  the  miiliile  gurm-litf  Pr(t>wn 
n>)bna  developed.   In  Fig.  2,  the  Qiat>i7o(<)  ia  already  begianing  to  at 
from  the  gBrm-Tesicle  (ds),  and  the  wall  of  dlnuion-fold  i«  bcrgiDniug  It 
ru^ind  the  embryo  (in  front  as  the  licad.Bheiithi  1m,  behind  m 
(1.)      Id  Fig.  3,  the  edgCB  of  the  amnioD-Fuld  (am)  meet  over  the  back  o\ 
eaibryo,  thoa  forming  the  amnion-caTit;  (ah)  ;  in  coDsrquence  nt  the  II 
Beparation  of   the  embrjo  (e)   from  the  germ-reHiolo  (ii<),   tlia  _ 

canal  {dd)  originatee,  and  from  the  hind  end  of  thie  the  aUuitoig  (at)  grmn 
oat.  In  Fig.  i,  the  allantoia  (al)  is  bigger;  the  jelk.sae  (,<U)  [■  gmtllri. 
In  Fig.  5,  the  embryo  nlreiuly  shows  the  gill-openings  Bud  the  railiinniti  li 
the  two  pairs  of  litnbs;  the  chorion  has  formed  broached  tatta.  In  kII  Aia 
figures,  a  ibdicatea  euibrjo;  a,  outer  germ-Iajrer;  la,  raidiUs  g(!rm*taf u ; 
i,  inner  germ-lujer;  am,  amnion  g  {kt,  head-shcath;  M,  taiUBhodth)  j  at, 
oiunioa-oavit/ ;  of,  amnion-Bheath  of  the  navel^oonlt  U,  intealiiial  genu 
resiule ;  di,  jielk-saoi  dg,  yelk-daclj  df,  intestinal -fibrom  layer;  dj,  la- 
tostiiial -glandular  layer;  al,  aUuntoiB;  vl=lih,  region  of  the  heart  i  d,  ydk- 
luembmiie  or  pnichorion  g  d',  tnfta  of  the  intteri  tk,  leroiia  ou>enii;{i  a, 
tufts  of  the  latter  1  ck,  tnfled  mombrune  or  chorion;  eke,  (utM  u(  th* 
latter;  if,  terminal  vein ;  r,  COTily.  Gllcd  with  liquid,  betweei 
and  ohoriuu.     (Altar  KOIUker.J     <Cf.  PL  V.  Fig.  14  and  IS.) 


higher  dassea,  in  Reptiles,  Birds,  and  Mammals;  and,  seconilM 
because  the  placenta  is  developed  from  the  allantois  only  % 
the  higher  Mammals,  including  Man,  and  not  in  the  loi 
Mammals.      The   former    ai-e    therefore  called   "  f laoonlj 
Animals  "  (Placentalia,). 

Another  characteristic  common  to  the  three  higher  das 
of  Vertebrates  alone,  ia  the  formation  of  the  third  appendaf 
of  the  embyro,  the  amnion,  which  has  already  been  i 
tioned.     We  have  already  learned  something  of  th«  amnio| 
ill  noticing  the  separation  of  the  embryo  from  the  intealia 
gerra-vesicle.     We  found  that  the  walla  of  the  latter  rise  i 
a  ring-ahaped  fold  round  the  embrj-onic  body.    In  front,  U 
fold  appeals  in  the  form  of  the  so-called  head-cap,  or  Iw 
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sheath  (Fig.  139,  2  ^) ;  at  the  back,  it  also  arches  upward 
and  forms  the  tail-cap,  or  tail-sheath  (Fig.  139,  2  ^) ;  on  the 
right  and  left  sides,  the  fold  is  at  first  lower,  and  is  here 
called  the  side-caps,  or  side-sheaths  (Fig.  140;  Figs.  95,  96,  a/ 
p.  317).     All  these  caps  or  sheaths  are  only  parts  of  a  con- 


Fto.  140.' — Transverse  sectioii  through  an  embryonic  Chick  (a  litllo 
behind  the  anterior  opening  of  the  intestine),  at  the  end  of  the  first  day  of 
incobation.  The  medullary  furrow  above  and  the  intestinal  furrow  below 
are  still  wide  open.  At  each  side,  the  rudiment  of  the  body-cavity  {casloma) 
can  be  seen  between  the  skin-fibrous  layer  and  the  intestinal-fibrous  layer. 
On  the  right  and  left  of  it,  at  the  outside,  the  side-caps  of  the  anmion  are 
beginning  to  rise.     (After  Remak.) 

nected  ring-like  fold,  which  passes  round  the  embryo.  This 
grows  higher  and  higher,  rises  like  a  great  encircling  wall,  and 
finally  arches  over  the  body  of  the  embryo,  so  as  to  form  a 
cavern-like  covering  over  the  latter.  The  edges  of  the  ring- 
like fold  meet  and  coalesce  (Figs.  141,  142).  The  embryo, 
thus,  at  last  lies  in  a  thin  membranous  sac,  filled  with  the 
anmion-fluid  (Fig.  139,  4,  5  ah). 

When  the  sac  is  comi)letely  closed,  the  inner  layer  of  the 
fold,  which  forms  the  real  wall  of  the  sac,  withdraws  com- 
pletely from  the  outer  layer.  The  latter  attaches  itself  to 
the  inside  of  the  outer  egg-membrane  ("  prochorion  ").  It 
supplants  this  prochorion,  and  fonns  the  pennaneiit  tufted 
membrane,  the  true  *'  chorion."  This  arises  solely  from 
the  horn-plate  (Fig.  189,  4  sh).  The  thin  wall  of  the 
amnion-sac,  on  the  other  hand,  consists  of  two  strata :  of  an 
inner  stratum,  the  hom-plate,  and  of  an  outer  stratum,  the 
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Bkin-fibrous  layer  (Figs.  14-1. 142).  The  latter  is  indoed  hi 
very  tliin  and  delicate,  but  yet  can  be  distinctly  shown 
be  a  direct  continuation  of  the  leather-akin  (coriuvi),  a 


Fro.  141. — Transreroe  toction  thran^h  on  embryimic  Chick  in  the  aai 
ngioa  (at  the  fifth  daj  of  incubalion).  The  ainnion-rolds  |«n|  aim 
meet  (jTcr  the  bttok  of  the  embtTo.  Tlio  intestine  (<i),  still  cyvn,  |aa 
bfluw  into  the  yelk-ma :  Jf,  intcetiiuil'fibrDiu  lajfir  ;  ih,  tuHorhuri  i 
norta;  re,  jn-iodiiol  vpina ;  bft,  ventral  oavily,  nut  yot  cloned;  i',  mttUti 
<j,  iKHtprinr  norve-riHitfi  of  the  Hpinnl  marrow ;  mu,  niBeclo-plMe  i  I 
l'-H(.her-plHle;  h,  horn-ptato.    (After  Benutk.) 

is,  therefore,  the  outermost  layer  arising  from  the  tbt^on 
tlie  middle  germ-layer  {iDesoderma).  Thtis  the  nul 
|ieri|iheric  portion  of  the  akin-fibrous  layer  dotlies  only  i 
inner  lamella  of  the  atuniou-fold  (the  head-sheatli,  ta 
sheath,  etc.),  Eind  ext«nds  only  to  the  edge  of  the  fold  itae 
Thp  out<?r  lamella  is  fonncd  entindy  liy  the  hom-|>lAt«,  ai 
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it  proiliices  Ihc  tufted  diorion.  the  Iwlluw,  branched  tiifts  of 
which  grow  iutii  tlie  depressions  in  the  mucous  tuembi-ane 
of  the  maternal  iitcrua. 


Fill,  143.— Torn*  rprso 
wctixo  llir.ingh  on  em. 
lirjiinio  Chick  in  Iho 
BhuuMer  region  (at  tlit> 
fitth  daj  ot  jncubBtiun). 
Tho  iifctioii  pBiwiii  m  ill  way 
bet  WOOD  th*<  ruiliniHiilB  uf 
I  he  KTilerior  limbs  (nr 
yiingi,  K).  The  aiuDiiin- 
tiiliU  liiLVO  grown  com- 
Jilptolj  togother  ovir  thy 
bMk  of  Iho  ombryu. 
(Afuir  Kcmak.)  (I.''.ni. 
parp,  as  rnni^a  nlluT 
juiinlM,  witb  Fi^ni.  13!t,  140, 
iu>.t  Ul,  uiul  Plalu  V. 
K.g.  U.) 


In  human  Pliylngeny  thn  aniniun  is  particularly  in- 
t^^rewting,  bt'catist-  it  is  a  [xjciiliar  uhai-actevistic  of  tho  three 
higher  claiises  of  Vortt-liraU-H.  ManimaK  Uirds.and  It^i^ptilfK 
aluiiu  posHi'ss  it,  anil  tliorefort!  thesu  tliri-u  cliisacs  aru 
gna»|ii:d  togi-'tber  uud(>r  tlif  name  of  Amnion  Animals,  or 
.iinnUttii,  All  Amnion  Ajiimals.  including  Mun,  are  de- 
xvnth'd  from  a  couunon  parent-form.  vVII  the  iowiT  Verte- 
hrabcA,un  thi>  contrary,  entin-ly  want  llnHnmniolicforniatJun. 

Of  tho  three  Undder-like  appt:ndagt!S  of  thu  einliryo  just 
moiitionud,  the  nninion  han  no  blood-vessels  ai  any  period 
of  it«  existj^'nce.  On  tho  contrary,  the  two  other  blmldtTM. 
the  yulk-sw!  and  the  al]aniui!<,  are  provided  witli  larye  tdooil- 
vtwM^litj  which  aeconipliMh  the  nutrition   of  the  embryonic 
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bodj.     Here  wo  may  spe^k  of  tlie  first  circulation  c^  U 
in  the  embryo,  and  of  its  central  organ,  the  heart.     Tlie 
blood- ve&sulii  and  the  heart,  as  well  as  the  first  blood 
develop  from  tlie  inteslinal-tJbrouB  layer.      On  this  M 
the  latter  was  called  the  vascular  layer  by  Uie  eariic 
bryologiats.     In  a  cei-tain  sense  this  name  is  <^uit4t  oc 
anly  it  must  not  be  understood  to  imply  that  ail  Uie  bli 
vessels  of  the  body  proceed  from  this  layer,  or   tiiat 
whole  of  the  vascular  layer  is  apphed  only  to  the  rormatii 
of  the  blood-VG^ela.     Neither  is  the  case.     The  intesliii&l 
fibrous  layer  also  forms,  aa  we  saw,  the  whole  fibrous 
muscular  wall  of  the  intestinal  tube,  and  also  the 
We   shall   presently  find   that   blood-vessela  can   fonu 
dL'pendently  from  other  parts,  especially  in  tlie  various  parta 
proceeding  from  the  skin-hbrous  layer. 

The  heart  and    blood-vessels,  and  the  whole  vaacular 
system,  are  by  no  means  among  the  oldest  jiarta   of  tlw 
animal    oi^anism.     Aristotle   assumed   that   the   heart 
the  Cliick  was  formed  first;  and  many  later  authors  hai 
shared  tins  view.     This  is,  however,  by  no  means  the 
On  the  contrary,  the  most  important  parts  of  the  body, 
four  secondary  germ-layei-s,  the   intestinal   tube,  and 
notocbord,  are  already  formed  before  the  first  indication 
tlie  blood-vessel  system  appeara    This  fact,  as  we  shall 
wards  find,  is  in  complete  harmony  with  the  Pliyl(^ny 
the  animal  kingdom     Our  older  animal  ancestors  p 
neither  blood  nor  heart 

We  have  already  examined  the  first  blood-vessels  of  UiA 
luammalian  embryo  in  transverse  sections.  They  are,  fin^ 
the  two  primary  arteries,  or  "  primitive  aortas,"  which  liaj 
ill   the   narrow   longitudinal   cluft   between   the   primitii 
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spinal  cords,  the  siJe-plates,  and  the  intestinal-glandular 
layer  (Figa  92,  ao,  Fig.  95,  96,  ad) ;  and,  second,  the  two 
principal  veins,  or  "  cardinal  veins,"  which  appear  somewhat 
later,  outside  the  former,  above  the  primitive  kidney  ducta 
(Fig.  96,  re,  Fig.  141,  vc).  The  primitive  arteries  seem  to 
arise  by  fission  from  the  inner  parts  of  the  intestinal-fibrous 
layer;  the  primitive  veins,  on  the  contrary,  from  the  outer 
parts  of  the  same  layer. 

In  just  the  same  way,  and  in  connection  with  these  first 
blood-vessels,  the  heart  also  arises  from  the  Intestinal- 
fibrous  layer,  in  the  lower  wall  of  the  anterior  intestine, 
near  the  throat,  at  the  place  where  the  heart  remains 
throughout  life  in  Fishes.  Perhaps  it  will  not  seem  very 
poetic  that  the  heart  develops  directly  from  the  intestinal 
walL  But  the  fact  cannot  be  altered,,  and  is  also  easily 
comprehensible  phylogenetically.  The  Vertebrates  are,  at 
any  rate,  in  this  respect  more  sesthetic  than  the  Mussels. 
In  these  the  heart  remains  permanently  lying  behind  on  the 
wall  of  the  rectum  near  the  anus,  so  that  the  heai*t  seems  to 
be  penetrated  by  the  rectum. 

Midway  between  the  gill-arches  of  the  two  sides  of  the 
head,  and  rather  further  back,  at  the  throat  of  the  embryo,  a 
wart-like  thickening  of  the  intestinal-fibrous  layer  develops 
on  the  lower  wall  of  the  intestinal  head  cavity  (Fig.  143,  d/). 
This  is  the  first  rudiment  of  the  heart  This  swelling  is 
spindle-shaped,  at  first  quite  solid,  and  is  formed  entirely  of 
cells  of  the  intestinal-fibrous  layer.  It  afterwards,  however, 
curves  in  the  form  of  an  S  (Fig.  144,  c),  and  a  little  hollow 
is  formed  in  its  centre,  in  consequence  of  the  accumulation 
of  a  small  quantity  of  fluid  between  the  central  cells. 
Some  single  cells  of  the  wall  sepaiate  from  the  rc^st  and 
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float  about  io  this  fluid.     These  cells  are  the  Rrst  bloc 
cells,  and  the  fluid  is  the  first  blood.     In  the 
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Fio.  113.— ),iinK>tai1liinl  aprlifin  thnnicli  Iho  hracl  of  an  railitTcmic  O 
(nt  the  eiill  of  the  first  rtfty  iif  iniiiilNitiiin) :   hi,  inKdullar;  tiil«i  'k.  n 
cbordi   (t,  inlcHtinal  lulv  (witli   n  lilind  Hnlorior  «iul)i  Ji,  lunul-plaUs : | 
Ijrsl  rndJinent  of  tlio  henrt  (in  tho  iiilcstiiiiilfibn>un  Inyi-p  of  tbr  « 
wall  or  Ihy  li™d  inteslinr):  hh.  parity  for  ihi"  liwirt  i  hi,  Biiinlirani> 
Iimrt;  kk,  hisatt-ra\i  vt  thi' uunioii  i  (t,  howl-BlioaChi  K,  Inm-plMi-. 
Bemak.) 

PiQ,  144.— Haman  cmlirjo,  ur  M  lu  18  ilityo,  opoDod  nt  the  vantnl  4 
tinder  the  (orchowl  .proL'CBa  nt  the  henil  (I)  the  beart  (f)  ■pp«iiri  ii 
hi'art.earicj  (p)  with   the  base  of  llio  norm  <fc).     Tho  i^rwOrr  i>«t  tn 
yclk-sac  (o)  hu  boen  rcmnvcd  (U  r.  th*  opcniiiK  u(  the  anterior  inlefllal 
tl,  the  primitive  a<irt'»  (lying;  unilcr  the  pritnitire  icrtobnc)  ;   I,  t 
intoHtiae,  or  Urge  intvatino  ;   a,  Mantoa  (u.  ita  italk)  ;  n,  aamiun- 

C.MtC.) 
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blood    arises  in  the  first  rudimentary   blood-vessels  con- 
nected with  the  heart.     These  also,  at  first,  are  solid,  round 


\   k 


Fio.  145. — Transyerse  section  throngh  the  head  of  an  embryonic  Chick 
of  36  honn.  Below  the  medallary  tabo,  the  two  primitiTo  af)rt}o  (pa)  are 
risible  in  the  head-plates  («)  on  both  sides  of  the  notoclionl.  Below  tlio 
throat  (d)  can  be  seen  the  aortal -end  of  the  heart  (a«) ;  hh,  hoart-cavity  ; 
^,  heart  membrane;  ks,  head-sheath,  amnion-fold;  A,  horn-plate.  (Aftor 
Kemak.) 

Pio.  146. — Transverse  section  thronpfh  the  hoart-rojjion  of  the  sanio 
Chick  (farther  back  than  the  former).  Jn  the  heart-c'avity  {hh),  the  h«Mirt 
(fc)  is  still  connfH;te<l  by  a  heart- mesentery  (/».;)  with  the  intent iiial-fibronH- 
layer  (df)  of  the  anterior  intestine:  (/,  intent inal-^lnndiilar  layer;  i/p, 
primitive  vertebral  plates;  gfb,  rudiment  of  the  ear-vesicle  in  th(»  horn- 
plate  ;  hp,  first  rising  of  the  amnion-fold.     (After  Remak.) 

cords  of  cells.  They  then  become  hollow,  while  a  fluid 
separates  and  gathers  in  the  centre,  and  single  cells  detach 
themselves  from  the  rest  and  become  blood-cells.  This  is 
equally  true  of  the  arteries,  which  can:y  the  blood  from  the 
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hearty  and  of  the  veins,  which  cany  the  blood  back  to  tho 
heart 

At  first,  the  heart  lies  within  the  intestinal  wall  itself, 
from  which  it  has  developed,  as  do  the  first  main  blood- 
vessels proceeding  from  it.  The  heart  itself  is  in  reality 
only  a  local  extension  of  one  of  these  main  blood-vessels. 
Soon,  however,  the  heart  separates  from  its  place  of  origin, 
and  now  lies  freely  in  a  cavity,  called  the  heart-cavity 
(Figs.  145,  hh,  146,  hh).  This  heart-cavity  is  merely  the 
anterior  part  of  the  body-cavity  {ccdoma),  which,  as  a 
horseshoe-shaped  arch,  connects  the  right  and  left  divisions 
of  the  coelom  (Fig.  140).  .  The  wall  of  the  heart-cavity  is 
therefore  formed,  like  that  of  the  remainder  of  the  body- 
cavity,  partly  by  the  intestinal-fibrous  layer  (Fig.  146,  rf/), 
and  partly  by  the  skin-fibrous  layer  (hp).  While  the  heart 
is  separating  from  the  anterior  intestine,  it  remains  for  a 
short  time  attached  to  the  latter  by  a  thin  plate,  a  heart- 
mesentery  (Fig.  146,  lig).  It  afterwards  lies  quite  freely  in 
the  heart-cavity,  and  is  directly  connected  with  the  intestinal 
wall  only  by  the  main  blood-vessels  which  pass  from  it. 

The  anterior  extremity  of  this  spindle-shaped  heart- 
formation,  which  soon  assumes  a  curved,  S-shaped  form, 
divides  into  a  right  and  a  left  branch.  These  two  tubes 
are  arched  and  curved  upward,  and  represent  the  two  first 
aorta3 -arches.  They  mount  up  in  the  wall  of  the  anterior 
intestine,  which,  in  a  measure,  they  encircle,  and  they  there 
unite  above  at  the  upper  wall  of  the  intestinal  head -cavity 
in  one  large  single  main  artery,  which  passes  backward 
immediately  under  the  notocliord,  and  which  is  called  the 
main  aorta  (aorta  lyrindpalis,  Fig.  147,  a).  The  first  pair 
of  aortie-arches  passes  up  on  the  inner  wall  of  the  first  paii 
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of  gill-arches,  and  lies  therefore  between  the  firat  gill-arch 
(it)  on  the  outside   and  the  anterior  intestine  (d)  on  the 


Fio.  147. — DiBgramm&tia 
trans«er«e  Bection  ttrongh 
the  head  ot  on  emhryonia 
Mammal :  h,  hom-plate  ni 
meihillar;  tnbe  (brain  blad 
der)  ;  mr,  wall  ot  the  latter 
r,  leather-plate  J  e,  rod  ment 
■ry  skull;  ch,  notDchDrd 
i,  gjll-u*Dh ;  mp,  moBcle 
plate ;  c,  heart-cavitj  an 
terior  part  of  the  bodj 
oTitj  icalonm) ;  d  m 
leatinal  tnbei  dd,  tales 
tinal- glandular  layer  df 
KCte  plate    h<f 


keart-n 


snterji  Jtio,  heart 


wall ;     hfc,     rentricle 


inside, — just  as  these  vascular  arches  are  situated  in  adult 
fishes  throughout  life.  The  single  main  aorta,  which  results 
from  the  union  above  of  these  two  first  vascular  arches. 
soon  again  divides  into  two  parallel  branches,  which  pa.ss 
backward  on  both  sides  of  the  notochord.  These  are  the 
primitive  aortse,  which  have  been  already  spoken  of;  they 
are  also  called  posterior  vertebral  arteries  {nr(eri<B  vrrte- 
brates  postenoren).  These  two  main  arteries  send  out  on 
each  side  from  four  to  five  branches  at  right  angles,  which 
pass  fttjm  the  body  of  the  embryo  into  the  gorm-arca,  and 
are  called  the  omphalic-mesenteric  arteries  (urterioi  omphido- 
meaeTUenoB),  or  the  yelk-arteries  {atiericB  vHelUna:). 
They  represent  the  first  rudiments  of  a  circulation  within 
the  germ-area.  The  first  blood-vessels,  therefore,  pass  out 
from  the  body  of  the  embryo  and  extend  to  the  edge  of 
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the  germ-area.     Numerous  blood-vewtcis  form  in  tho  int«*- 
tinal-fibi-ouH  layer  of  tbe  gerin-area.      They   arv   at  fiirt 
the  so-c&Ued  ■'  voseiiliir 


Fra  1  iS.— Cuiac.«U[«4 
Herta  ol  n  Xk>g.  from  i)w 
TBntnl  (iile  ;  ImlArKfrf 
oboal  1(1  tiniM.  Id  b<  al| 
licluw  tin-  riinihimL  1 
fini  pair  tit  giU-an;Ii»  : 
vinibli-  i  below  theta  li  1 
Fnliafifd  IwDt  timn,  dcaa 
liy.  uiil  uu  ritbcr  nd*  «( 
nhifli  lip  the  two  Bf.r 
rlei  r>wtnnf>rl7,  IWIh 
liiriilM  ititn  dif)  two*' 
vi-ins.  wliicli  apnnd  thear 
ii'lToa  uver  llio  f{i>nn-iu' 
(tlio  grmlur  part  uf  thi*  li 
btpu  luni  Anj).  Al  l 
bottom  ot  tliD  upoi  tddU 
CNvily  the  (rimittti)  oorl 
lie  between  tlii>  phDiili 
Tertvlinv,  kdiI  fmni  wb>ck 
five  pairs  of  yelk-«rtar>M 
{uuceeil.    (Afl«r  B 


area  "  (area  opuca,  or  area  vascutosa) ;  but  tJiey  &flerwanl> 
extend  over  the  whole  outer  surface  of  the  intestiuol  gtnn- 
vesicle.  Tho  whole  yelk-aac,  finally,  seems  to  be  envelopcid 
in  a  network  of  blood-vfssels.  It  is  the  function  of  thvM 
blofxl- vessels  to  collect  food-material  from  the  contents  of 
th«  yolk-aac  and  carry  it  to  the  body  of  the  embrj-o.  Thil 
is  done  by  veins,  by  blood-vessels  leading  liack,  which  paa 
in  at  the  posterior  opening  of  the  heart,  first  from  the  genn- 
area  and  later  from  the  yelk-sac.  These  veins  are  called 
yelk -veins  (wikp  vifHlina-);  tliey  are  also  often  called 
omphalic-mesenteric  veins  (vente  omphalo-iruaenterica). 
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Thus  Uie  first  circulatory  system  of  the  blood  in  the 
embryo  (Figs.  148-150)  occurs  in  all  the  higher  classus  of 


Fio.  149. — Kmhrjo  and  {tenn-arpa  nf  a  Babbit,  in  which  tl>e  eHrlicat 
ndimento  of  tho  blood -vctiseld  nppenr,  -aeer  from  tljB  venlml  side  (niagni- 
Bed  Bboot  leu  timeB).  The  posterior  end  nl  the  uimple  heart  (n)  dividea 
into  Iwo  large  yelk-veiUB.  whicli  form  a  notworV  of  hlood-TcstcIa  on  tlie 
dark  Korm-iireA  (which  appeani  light  on  the  block  baokgiwund).  At  lira 
hrawl  mrtremity  the  fore-brniu  with  tlie  two  eye-reniclea  (b!i(  niBy  be  •eou. 
Tin-  dark  centre  of  thi-  (ktiu  in  tho  wide-o|ien  intestinal  cni-ity.  Ten 
primitiro  fertebno  are  vicible  od  each  side  of  tho  nutocbord.  (Afler 
Bltchiiff.) 

Vortuhratcs  in  the  following  simple  order.  The  vi'ry  simple 
pouch-shape.1  heart  (Fig.  150,  <l)  divide.'*  both  in  front  ami 
behind  into  two  veesfls.  Thase  at  the  haek  are  veins 
leading  to  the  heart.  They  take  fo-xl-material  from  the 
germ-vesicle,  or  yelk-sac,  and  carry  it  to  the  body  of  tho 
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embryo.     Tlie  vessels  paasmg  from  the  lieart  in  front  u 
gill-arch  arteries,  leading  from  the  heart,  and  which. 
as  aorta- arc! If s,  encircle  the  anterior  end  of  the  intt-stjil 
and  unite  in  the  main  aorta  (aoiia  prlncifMiIin).     The  t 

branchi^s,  which  result  from  the  division  of  tliis  main  a 


Fin.  I.W.— Enibryo  and  ^im-arcs  of  n  Rnbbk.  in  wticli  itmRm*; 
of  LtmKl-voMcU  i»  oomplete.— seen  from  tlio  v<-ntnil  aiilo  (maiznufiHl  ■ 
five  tiniPB).  Thv  posterior  taid  of  the  licnrl  (di,  which  is  cnrrral  ii 
or  an  S,  dividos  into  («o  larf^o  fl^lk-TciIl?.  cnoli  ctf  which  m-nda  u 
nntorior  bnincli  (h)  aud  b  posterior  bnonh  (i^).  Th*  itiiIb  vt  thn 
the  circiilur  boondiiry  vt'in,  or  tonninit]  vnin  (r,  iermiiialU)  (a).  In  the  r 
nrM  rnny  be  swn  the  oonrser  venom  network  Oying  below),  and  I 
artBrinl  uelwork  (\yln«  nfarvr  thp  Horfn™).  Tha  yptk-nrttrri™  ( 
intii  the  two  prlmitivr  norln-  {.).  The  dork  umt  which  Hurn'undi  (I 
like  B  lialo,  r^preaenti  tbo  reoea*  within  the  bead-cap  ur  men 
(Atler  BimhoB.) 


SECONDARY  CIBCULATORY   SYSTEM.  399 

the  primitive  aortse,  send  out  right  and  left  the  yelk-arteries, 
which  leave  the  body  of  the  embryo  and  pass  into  the  germ- 
area.  Here,  and  in  the  circumference  of  the  navel- vesicle, 
two  layers  of  vessels  are  distinguishable — ^the  superficial 
arterial  layer,  and  the  lower  venous  layer.  The  two  are 
connected  together.  At  first  this  system  of  blood-vessels 
is  extended  only  over  the  superficial  front  of  the  germ-area 
as  teix  as  the  edge.  Here,  on  the  edge  of  the  dark  vascular 
area^  all  the  branches  unite  in  a  large  terminal  vein  (vena 
terminalis.  Fig.  150,  a).  This  vein  disappears  at  a  later 
period,  as  soon  as,  in  the  coarse  of  development,  the  for- 
mation of  blood-vessels  progresses  further,  and  then  the 
yelk-veesels  traverse  the  whole  yelk-saa  When  the  navel- 
vesicle  degenerates,  these  vessels,  of  course,  also  degenerate, 
being  of  importance  only  in  the  first  period  of  embryonic 
life. 

This  first  circulation  in  the  yelk-sac  is  replaced,  at  a 
later  period,  by  the  second  circulation  of  blood  in  the 
embryo,  that  of  the  allantoia  Large  blood-vessels  are 
developed  on  the  wall  of  the  primitive  urinary  sac,  or 
allantois,  from  the  intestinal-fibrous  layer.  These  vessels 
grow  larger  and  larger,  and  are  most  intimately  connected 
with  the  vessels  that  develop  in  the  body  of  the  embryo 
itself.  This  secondary  allantois  circulation  thus  gradually 
takes  the  place  of  the  original,  primary,  yelk-sac  circulation. 
When  the  allantois  has  grown  to  the  inner  wall  of  the 
chorion,  and  has  changed  itself  into  the  placenta,  its  blood- 
vessels alone  accomplish  the  nourishment  of  the  embryo. 
They  are  called  navel-vessels  (yasa  v/mbilicalia),  and  are 
originally  in  pairs :  one  pair  of  navel  arteries,  and  one  pair 
of  navel  veina    The  two  navel- veins  (venob  uvibilicalest 
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Figs.  123,  «,  124, «),  which  cany  blood  from  the  placenta  to 
the  heart,  open,  at  first,  into  the  united  yelk-veina.  Tlieae 
last  ailerwarda  disappear,  and  the  right  navel-vein  ttimul- 
taneouRly  disappeare  entirely,  bo  that  a  single  great  vein, 
the  left  navel-vein,  alone  remains,  which  carries  all  th« 
nutritive  blood  from  the  placenta  into  the  heart  of  the 
embryo.  The  two  arteries  of  the  allantoia,  or  the  navel- 
arteries  (aWcrwE  umbilicales.Yigs.  123,  n,  124,  n).  are  merely 
the  last,  posterior  extremities  of  tlie  two  primitive  aorta^s 
which  are  afterwards  greatly  developed.  It  is  not  un^  the 
end  of  the  nine  months  of  embryonic  life,  when  the  hnmaii 
embryo  is  bom  and  enters  the  world  as  an  independent 
physiological  individual,  that  tlie  navel  circulation  \ok&s  its 
significance.  The  navel  cord  (Fig.  138,  as),  in  which  ( 
larger  blood-vessels  paaa  from  the  embryo  to  the  pUcenlJ 
is  removed  with  the  latter  at  the  so-called  "after-bir 
and  an  entirely  new  circulation  of  the  blood,  limit«d  to  t 
body  of  the  ctiild,  comes  into  operation  simultaneously  u 
pulmonary  respiration.*"* 

Now,  if,  in  conclusion,  we  briefly  review  the  gen 
history  of  Man  as  far  as  we  have  traced  it,  and  endcavcN 
to  comprehend  the  whole  subject  in  one  connected  view,  ] 
seems  desirable  to  divide  it  into  several  main  section*.  0 
periods,  and  these  into  subordinate  stages,  or  (iteps. 
refeience  to  the  phylogenetio  significance  of  this  hiatoi 
which  we  shall  next  consider  more  closely,  it  seems  to  B 
most  appropriate  t4  make  the  four  main  divisions  and  ft 
sub-divisions  as  distinguished  in  the  following  pages,  vh) 
correspond  to  the  most  important  phylogenetic  stages  ] 
development  of  our  animal  ancestors.  (Cf.  Table  XXV. 
at  the  end  of  the  nineteenth   chapter.)    Tliis  will   again 
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show  that  the  germ-history  of  Man  (according  to  the  law 
of  abbreviated  heredity)  is  very  rapid  and  compressed  in 
the  first  stages  of  its  course,  but  grows  slower  and  slower 
in  each  succeeding  stage.  All  the  remarkable  phenomena 
which  we  observe  in  the  transformation  of  the  human 
embryo  in  the  whole  course  of  our  Ontogeny,  are  intel- 
ligible only  with  the  help  of  Phylogeny,  and  are  explicable 
only  by  reference  to  the  histoncal  metamorphoses  of  our 
animal  ancestry.^^ 

It  is  true  that  if  the  ontogenetic,  and -the  phylogenetic 
stages  (in  Tables  VIII.  and  XXII.)  are  carefully  compared, 
a  complete  agreement  between  the  two  is  not  observable ; 
on  the  contrary,  there  are  many  individual  divergences.  In 
germ-history  many  organs  appear  earlier,  others  later, 
than  the  probable  course  of  tribal  history  leads  us  to 
expect  But  an  adequate  explanation  of  these  divergences 
is  found  in  the  various  kenogenetic  modifications  which 
the  germ-history  of  the  higher  Vertebrates  has  undergone 
in  the  long  course  of  its  evolution.  This  will  become  quite 
dear  when  we  carefully  compare  the  germ-history  of  Man 
with  the  Ontogeny  of  the  lowest  Vertebrate,  the  Amphioxus, 
an  Ontogeny  distinguished  by  tenacious  inheritance  of  the 
original  course  of  evolution. 


TABLE    VIII. 

Systematic  Survey  or  the  Periods  in  Human  Germ-histocy. 

(Cf.  Table  XXII.) 


FinST  MAIN  DIVISION  OF  GEBliHISTOnT. 

Xaa  u  a  simple  Flasdd. 

The  hnman  embryo  possesses  the  form-Tolue  of  a  simple  individual  id  tiK 
first  order  of  a  single  plastid. 

First  Stage :  Honenila  Stage  (Fig.  36,  p.  210). 

The  human  germ  is  a  simple  cjtod  (the  impregnated  egg-cell  after  the 
loss  of  the  germ-yesicle). 

Second  Stage :  Cytnla  Stage  (Fig.  37,  p.  210). 

The  hnman  germ  is  a  simple  cell  (the  impregnated  oTulc-odl  with  the 
re-formed  kernel,  or  the  parent-cell). 

SECOND  MAIN  DIVISION  OF  GERM-niSTORY, 

Fan  as  a  many-celled  Primitive  Amir^l. 

The  hanian  embryo  ooDsists  of  many  cells,  which,  however,  ar  vet  form 
uo  organs;  it  tlieiefoiv  possesses  the  form-valae  of  an  individual  of  the 
Booond  order. 

Third  Stage:  Momla  Stage  (Fig.  40,  p.  212,  and  PL  11.  Fig.  14). 

The  human  germ  is  a  globular  cell-mass,  of  which  one  hemisphere  oooeistf 
of  animal  cells,  the  other  of  Tcgetative  cells. 

Fourth  Stage  :  Blaitnla  Stage  (Fl.  II.  Fig.  16). 

The  human  germ  is  a  vesicle,  the  wall  of  which  consists  of  animal  cells, 
its  contents  of  vegetative  c<^!U. 
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THIRD  MAIN  DIVISION  OF  GERM-HISTORT. 

Xaa  u  an  inytrtobrate  IntestiiuU  Animil. 

The  hmnaii  embryo  possesses  the  form-Taliie  of  an  iodiTidual  of  the  third 
order,  an  nnartionlated  person  (a  tingle  metameroD).  The  primitive  in- 
testinal  caritj  is  enolosed  by  two  primary  germ-layers,  from  the  fission  of 
which  four  seoondai-y  germ-layers  are  presently  formed. 

Fifth  Stage  :  Oattrnla  Stage  (Fig.  41,  p.  218,  and  FL  U.  l^g.  17). 

The  homan  germ  forms  an  Amphigastmla,  consisting  solely  of  the  two 
primary  germ-layers,  the  skin-layer,  and  the  intestinal  layer.  The  cavity  of 
the  primitive  intestine  is  occupied  by  entoderm  cells,  which  also  plug  the 
primitive  month. 

Sixth  Stage :  Ohordoniiui  Stage  (Fig.  90,  p.  802), 

The  homan  germ  possesses,  in  all  essential  points,  the  organisation  of  a 
worm,  of  which  the  nearest  existing  allied  form  seems  to  be  the  asoidian 
larva.  Foar  secondary  germ-layers  have  developed  from  the  two  primary 
germ-layers,  and  coalesce  along  the  central  line. 


FOURTH  MAIN  DIVISION  OF  GERM- HISTORY, 

Kan  ai  a  trae  Yertebrato. 

The  homan  embryo  possesses  the  form.valoe  of  an  articnlated  person, 
or  a  metameric  chain.  The  articulation  principally  affects  the  bony 
system  (primitive  vertebrsa)  and  the  moscle-system.  The  skin-eensory 
layer  is  divided  into  the  horn-plate,  the  medullary  tube,  and  the  primitive 
kidneys.  The  skin-fibroos  layer  has  separated  into  the  leather-plate,  the 
primitive  vertebraD  (muscle-plate  and  bone-plateX  and  the  notochord.  From 
the  intestinal-fibrous  layer  proceed  the  heart  with  the  principal  blood, 
vessels,  and  the  fleshy  intestinal  wall.  From  the  intestinal-glandular  layer 
the  epithelium  of  the  intestinal  tube  is  formed. 

Seventh  Stage :  Aeranial  Stage  (Figs.  103, 107,  pp.  342,  844> 

The  homan  germ  possesses,  in  essential  points,  the  nrgonization  of  a  skull- 
leas  vertebrate,  similar  to  the  developed  Amphiozus.  The  body  already 
forma  a  chain  of  metamera,  as  sevend  primitive  vertebras  have  become 
distinct.  The  head  is,  however,  not  yet  distinctly  separated  from  the 
trunk.  The  medullary  tube  has  not  yet  differentiated  into  the  brain* 
bladders.    The  skull  is  still  wanting^  as  are  also  the  heart  and  limbs. 
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Eighth  Btaget  Qjdortoma  ttef*  (Fig;  188,  p.  877,  PL  VIL  Fig.  JT L> 

The  hmnaii  germ  poagowee,  in  enential  pointa,  the  organiiation  of  a  gill* 
less  oianisl  ftnimml  (like  the  developed  Mjxinoida  and  PetromjioDta).  The 
nnmber  of  metamera  is  inoreasiiig.  The  head  is  more  distiuctly  differenti- 
ated from  the  tnmk.  The  anterior  eztremitjr  of  the  medullary  tnbc  nwelU 
in  the  forai  of  a  bladder,  and  forms  the  mdimentary  brain,  which  kmhi 
divides  into  five  brain-bladders,  lying  one  behind  the  other.  On  the  sidee  of 
these  appear  the  radiinenta  of  the  three  higher  sense-organs :  the  noce-pit, 
and  the  eye  and  ear  vesiolee.  With  the  first  oironlaUon  of  the  blood  the 
heart  beg^  its  activity.    The  Jaws  and  limbs  are  still  wanting. 


Ninth  Stage :  Mlhyod  ttaga  (Fig.  184^  p.  878,  FL  VIL  Fig.  M  IL). 

The  human  germ  pdssossos,  in  essential  points,  the  organinUon  of  a  ftib 
(or  a  fish-like  Sknlled-animal).  The  two  pairs  of  limbs  appear  in  the  simplest 
form,  as  fin-like  processes :  a  pair  of  anlJbrior  limbs  (dorsal  fins)  and  one 
pair  of  posterior  limbs  (ventral  fins).  The  gill-openings  are  completely 
formed,  and  between  these  the  giU-iurahes  fbrm ;  the  first  pair  of  gill^arcbet 
differentiate  into  the  rodiments  of  the  npper  and  lower  jaws.  From  the  in- 
testinal canal  prooeed  longs  (swimming-bladder),  liver,  and  pancreas. 

Tenth  Stage :  Anmiotio  Btage  (Fl.  Vn.  Fig.  M  III. ;  PI.  VIII.). 

The  human  germ  possesses,  in  essential  points,  the  organization  of  an 
Amuiun-animal  (of  a  higher  gill-less  Vertebrate).  The  gill-upenings  disap- 
poar  by  concrescenoe.  From  the  gill-arches  devektp  the  jaws,  the  tongue- 
bone,  and  the  bonclots  (ossicles)  of  the  ear.  The  allantois  perfects  iUilf, 
and  changes  into  the  peripherio  portion  of  the  placenta.  All  the  orgsLi 
gradually  acquire  the  forms  peculiar  to  the  mammals,  and  at  last  the 
s\)eoifio  human  form.  (Compare  on  these  points  the  Phylcgv^y  iu  tiic 
folluwiiij^r  ehupti'i>.**> 
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EXPLANATION  OP  PLATES  VIH.  AND  IX. 

(BUh  Plates  are  copied  from  Erdl^  **  EfUwtckeUing  dee  Menechem,"^  >*^ 

Plate  VIIL  Fie.  1. — A  haman  embryo  of  nine  weeks,  taken  oafe  from  the 
ein^-membranes  and  magpiified  three  times.  (Erdl,  Plate  XII.  Fig.  1-6.) 
The  skull  is  still  quite  transparent,  so  that  the  different  divisions  of  the 
bmun  show  through :  the  large  mid-brain  ('*  fonr^bulbs  ")  is  separated  from 
the  scarcely  larger  fore  •brain  {cer^hrwn)  by  a  shallow  grooTe,  bat  from  the 
smaller  hind-brain  (cemhellunC)  by  a  deep  indentation.  The  forehead  is 
much  arched  in  front ;  the  nose  is  yet  very  andeveloped ;  the  eye  is  still  dis* 
ptoportiooately  large  and  wide  open.  The  upper  lip  is  still  Tery  short  ant] 
thickly  swollen ;  the  under  lip  is  very  thin  ;  the  chin  is  short  and  rety  re- 
treating. The  whole  face  is  very  small  in  proportion  to  the  skulL  The  ear* 
shell  is  also  rery  small,  bat  the  outer  opening  of  the  ear  rery  large.  The 
neck  is  still  very  short ;  the  trunk,  only  about  a  third  longer  than  the  head, 
is  of  uniform  thickness,  and,  towards  the  tail,  is  prodaced  into  a  blunt  point. 
The  two  pairs  of  limbs  are  already  completely  articulated.  The  anterior 
limbs  (arms)  are  somewhat  shorter  than  the  posterior  limbs.  The  upper 
and  lower  parts  of  the  arm  (arm  and  foie-arm)  are  very  short  in  proportion 
to  the  hand,  and,  similarly,  the  upper  and  lower  parts  of  the  leg  (thigh-bone 
and  leg*bone)  are  short  in  proportion  to  the  foot.  The  fingers  on  the  hand 
are  almost  complete;  while,  on  the  contrary,  the  toes  on  the  foot  are 
completely  bound,  as  far  as  the  points,  in  a  swimming  membrane,  so  that 
they  form  fins. 

Plats  YUL  Fio.  2. — A  human  embryo  of  twelve  weeks,  within  the  egg- 
membranes;  natural  size.  (Erdl,  Plate  Xi.  Fig.  2.)  The  embryo  is  com- 
pletely enclosed  in  the  amnion,  which  is  filled  with  the  amnion  fluid,  as  in  a 
water-bath.  The  navel  cord,  which  imsses  from  the  navel  of  the  embryo  to 
the  chorion,  is  sheathed  in  a  continuation  of  the  amnion,  which  forms  folds 
al  ilie  point  where  it  is  fastened.  Above,  the  clopcly-crowdod  and  branched 
diorian-tufts  form  the  placenta.  The  lower  pnrt  «)f  the  chorion  (cut  open 
and  laid  in  many  small  folds)  is  smooth  and  destitute  of  tufts.  Below  it, 
the  "decidua,"  which  is  also  cut  and  spread  oat,  is  still  hanging  in  deepei 
folds.  The  head  and  limbs  of  the  embryo  are  already  considerably  muie 
developed  than  in  Fig.  1. 

Plati  IX. — A  human  embryo  of  five  months;  natural  size.  (Enll.  Plate 
XIV.)  The  embryo  is  enclosed  in  the  delicate  transparent  amnion,  wliicl- 
has  been  out  oiien  in  front,  so  that  tho  faco  and  limbs  are  plainly  seen 
through  the  opening.  The  back  is  bent,  the  limbs  drawn  together,  so  that 
the  embryo  occupies  the  smallest  possible  space  in  the  egg-cavity.  The 
eyelids  are  dosed.  From  the  navel  the  thick  navcl-coi*d  passes,  in  ser. 
pontine  folds,  over  the  right  shoulder  to  the  back,  and  from  there  to  the 
spongy  placenta  (below,  on  the  right)  The  outer,  thin,  much -folded  cover-'' 
log  is  tlie  oater  egg-membrane,  the  chorion."* 


ClIAPTKtt   XIII. 

TUE  STRUCTURE  OF  THE    BODY  OP  THE  AMPmOXOl 
AND  OF   THE  ASCIDLAN. 

Cnnaal  Signiflo&noB  of  tha  Fnndameatal  Law  of  Biogenf. — Inflanus  ■ 
tibortcned  and  Vitiated  HerEtdiCy.— Keaoj^netio  UJuliluKtiDn  of  Pkliu 
gsDeais. — Tlio  Method  oF  Phylogenj  biuod  an  the  Metlnid  of  Geolog;.- 
Hypothetio  Completioa  Ot  the  Ccaiieoted  ETotatioDM'j  Serioi  bf  AppJ- 
■itiou  ot  the  Actu&l  Fragmeota. — Phylogeaetio  HjpothesM  M«  BclabW 
fuid  Jostilleil. — Importance  ot  the  Amphioins  and  the  AacidiuL- 
Katnral  History  and  A-iiatoniy  of  the  AmpbiunK.— Extornal  Blnwur* 
of  the  Body, — Skin-ODTering.— Outar-akiQ  (£piiZerniii)  and  Leubor-abc 
(Corium). — Notoahord. — Hadiilliiry  Tabe. — Orgsoa  of  Sodm. — lolcsbst 
vrith  an  Aut«rioT  KoBpiratorj  Portion  (OlUintetline)  and  a  Peateriit 
Digestive  Portion  (StoDiach-iatestiae). — Liver. — Falaatiag  Blood-navAt. 
— Doraal  Vessel  over  the  Intestine  (Oill-relD  end  Aorta). — TeoUil 
Vessel  nndor  the  Inleittne  (Intestinal  Vein  and  Gill-art«ry).— Uixv- 
ment  ot  the  Blood. — Lytupb-reiiels. — Ventnl  Canala  and  iiide  Caml/ 

—  Body-csvtty   and    Gill-cavity.  —  Gill^covvring.  —  Kidneyi Seinsl 

Oi-guns. — Testes  imd  OrarieK.—TeTt<hnite  Nature  of  Arapbiuiiu. — 
pai'iHon  of  Auipliloiiu  and  Yunng  Lamprey  (Falroniyton).'- 
of    Amphioioa  uid   Asoidiim.— Ccllalose  Tuuib— G.II-iM.— In 
— Norve-oentrea. — Heart. — Sexoal  Utkiuul 

"The  primitive  hiatory  of  the  speoiea  is  all  the  more  rD\l7  retwncd  t 
it*  i;eTin -history  in  pioportian  as  the  aeriee  ot  embryonic  tonus  tiii<>' 
lunger;  and  it  is  moni  aoouratoly  retained  the  less  the  mode  ot  li(a  ot  ll 
ivcunt  forms  diflara  from  that  of  the  earlier,  and  th«  leia  tb«  peooliaritl 
uF  theaevoral  embryonio  stales  moat  Do  regarded  aa  transfemd  tnmi  %lai 
to  ui  earlier  period  ot  lite,  or  a*  acquired  indepeDdeuily,** — Tfuin  1 
(1864). 

Ik   turning   from   the  germhistory  to   the  trilMl  '. 
uf  Man,  we  luuat  constantly  bear  in  mind  tJi«  causal  c 
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tion  which  exists  between  these  two  main  branches  of  the 
history  of   human  evolution.    We  found  that  this  most 
significant  causal  connection  was  most  simply  expressed  in 
"  the  fundamental  law  of  organic  evolution,"  the   meaning 
and  significance  of  which  was  explained  in  detail  in  the 
first  chapter.    According  to  that  first  biogenetic  principle, 
Ontogeny    is   a  short    and   compressed    recapitulation  of 
Phylogeny.      If  this  reproduction  of  tribal  history  were 
always  complete  in  germ-history,  it  would  be  an  easy  task 
to  re-arrange  Phylogeny  by  using  Ontogeny  as  a  guide. 
When  any  pne  wanted  to  know  from  what  ancestors  each 
higher  organism  is  descended,  therefore  also  from  what 
uucestors  Man  is  descended,  and  from  what  forms  the  whole 
human  race  has  developed,  it  would  only  be  necessary  to 
trace  accurately  the  series  of  fonns   which  occur  in  the 
evolution  of  the  individual  from  the  egg;  each  form  occur- 
ring in  this  series  might  then,  without  further  trouble,  be 
r^;arded  as  the    representative    of   an   old    and    extinct 
ancestral  form.     But,  as  a  matter  of  fact,  this  immediate 
translation  of  ontogenetic  facts  into  phylogenetic  concep- 
tions is  only  directly  allowable  in   the  case  of  a  com- 
paratively small  part  of  animals.     There  are,  it  is  true,  a 
number  of  low,  Invei-tebiute  Animals  (e.g.,  Plant-animals, 
WormSj  Crabs)  still  extant,  each  germ-form  of  which  we  are 
justified   in  explaining,  without    further   trouble,  as    the 
reproduction,  or  the  portrait,  of  an  extinct  parent-form.     But 
in  most  animals,  and  in  Man,  this  is  iinpo&siblc,  because 
the  germ-forms  themselves  have  again  been  modified,  and 
have  partly  lost  their  original  nature,  in  consequence  of  the 
iiiSnite  variety  in  the  conditions  of  existence. 

During  the  immeasurable  course  of  the  organic  history 
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of  tlie  earth,  during  the  many  millions  of  years,  in  ) 
course  of  which  organic  life  has  been  developiog  ( 
planet,  mo<liti cations  in  the  mode  of  germination  hava 
occurred  in  most  animals;  this  fact  was  liret  clearly  recog- 
nized by  Fritz  Miiller-Destcrro,  and  was  thus  expressed 
in  hia  able  work,"Fur  Darwin."  "The  bidtoriva]  record 
preserved  in  the  history  of  the  evolution  (of  an  individuaJ) 
is  gradually  obliterated,  in  cuDserjuence  of  the  fact  thftt 
evolution  eontiiiually  stiikea  out  a  straigliter  road  fn> 
the  egg  to  the  perfect  animal,  and  the  record  ia  mu( 
vitiated  by  the  struggle  for  existence  which  the  freely 
living  larvje  have  to  undergo."  The  former  phenomena 
the  obliteration  of  the  ontogenetic  epitome,  is  effected  1 
the  law  of  simplified  or  abridged  heredity.  The  latter  pbc 
nomenon,  the  vitiation  of  the  ontogenetic  epitome,  is  caoe 
by  the  law  of  modified  or  vitiated  heredity.  In  accordoi 
with  this  latter  law,  the  young  fonns  of  animals  (nut  onl 
freely-living  larvse,  but  also  embryos  enclosed  in  the  mother 
body)  may  be  modified  by  the  infiucnce  of  the  immedial 
surroundings,  just  as  fully  formed  animals  are  modified  t 
adaptation  to  the  external  conditions  of  their  ( 
the  very  species  are  sometimes  modified  during  germinatiol 
In  accordance  with  the  law  of  short^-ned  heredity,  it  i 
advantageous  to  all  higher  organisms  (and  the  more  so  ll 
higher  their  development)  that  the  original  course 
development  should  be  shortened  and  simplilicd,  an 
consequently,  that  the  ancestral  traditions  should  1 
obliterated.  The  higher  the  individual  organism  stands  il 
the  animal  kingdom,  the  less  completely  does  it  reproduce 
in  ita  Ontogeny,  the  entire  series  of  its  anceatorE^  foi 
reasons  which  are  partly  known,  partly  yet  undiscovered 
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The  fact  is  simply  shown  by  a  comparison  of  the  various 
histories  of  individual  evolution  of  higher  and  lower  animals 
of  the  same  tribe.^^^ 

In  order  to  give  its  due   weight  to  this   significant 
relation,  we  have  classed  the  whole  series  of  ontogenetic 
phenomena,  of  the  phenomena  occuring  in  the  evolution  of 
an  individual,  in  two  different  groups,  placing  the  palin- 
genetic  phenomena  in  one  group,  the  kenogenetic  in  the 
other.    To  Palingenesis,  or  inherited  evolution,  we  referred 
those  incidents  in  germ-history  which  may  be  regarded  as 
accurately  inherited  from  the  history  of  the  triba    On  the 
other  hand,  we  applied  the  term  Kenogenesis,  or  vitiated 
evolution,    to    such    ontogenetic    processes    as    were    not 
directly  referable  to  corresponding  phylogenetic  incidents, 
but  were,  on  the  contrary,  to  be  explained  as  modifications, 
or  vitiations,  of  the  latter.     In  consequence  of  this  critical 
separation    of    palingenetic    from    kenogenetic    germinal 
phenomena,  the  fundamental   law  of  Biogeny  was   more 
accurately  defined  as  follows :  The  short  and  quick  history 
of  the  germ  (Ontogeny)   is  a  compressed  epitome  of  the 
long  and  slow  history  of  the  tribe;  this  epitome  is  the 
more  correct  and  complete,  in  proportion  as  the  inherited  or 
epitomized  evolution  (Palingenesis)  is  retained  by  heredity, 
and  the  less  vitiated  evolution  (Kenogenesis)  is  introduced 
by  adaptatioa^^ 

In  order  correctly  to  distinguish  the  palingenetic  from 
the  kenogenetic  phenomena  of  germ-history,  and  from  those 
rightly  to  infer  the  tribal  history,  we  must  especially  apply 
ourselves  to  a  comparative  study  of  Ontogeny.  It  is  onlj 
by  comparing  the  germ-history  of  allied  forms  that  we  art 
able  to  discover  the  traces  of  their  tribal  history.     For  this 
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purpose  we  may  most  advantageously  B-ppIy  the  toethfl 
which  geoiogists  ha?e  long  used  in  determining  the  o 
of  the  sedimentary  rocks  in  the  crust  of  tlie  earth.     ' 
people  know  that  the  solid  crust  of  our  globe,  s  thin  she 
which  surrounds  the  glowing  and  tlutd  main  maas  in  it 
interior,  consists  of  two  chief  .classes  of  rocks :  firstly,  tl 
so-called  Volcanic,  or  Plutonic  rocks,  produced  directly  I 
tbe  8olidi6cation  of  the  molten  internal  mass  of  the  eailJ 
upon  the  surface;  and,  secondly,  the  so-called  Neptunian,  a 
Sedimentary  rocks,  produced  from  the  former  by  the  t) 
forming  agency  of  water,  and  deposited,  in  stratified  layct 
under  water.     At  first,   each   of  these   Neptunian   layfii 
formed  a  stratum   of    soft   mud  ;    but  in   the   course  i 
thousands  of  years  they  solidified  into  firm,  hard  masses  « 
rock  (sandstone,  marl,  clialk,  etc),  at  the  same  time  f 
nently  enclosing  in  their  own  mass  such  hard  and  imperisbt 
able   bodies  as  hai.1   found   their  way  into  tlie  aofl  mudt 
Among  the  bodies,  which  were  in  this  way  either  actoall 
fossilized,  or  left  the  characteristic  iaiprints  of  their  fom 
in  the  soft  clay,  the  harder  parts  of  the  animals  and  pta 
which  lived  and  died  on  the  spot  during  the  stratification  g 
mud  are  especially  frequent. 

Each  Neptunian  rock-atratum  contains  ita  own  chaiM 
teristic  fossils — the  remains  of  such  animals  and  plants  I 
lived  during  that  particular  epoch  of  the  earth's  hrston 
By  comparing  these  strata,  it  is  possible  to  review  the  whol 
connected  series  of  earth-periods.  All  geologists  are  nd 
agreed  that  such  a  positive,  historical  scries  sf  i^ek  tono 
tions  is  demonstrable,  and  that  tbe  lowe&i  of  these  Btn 
were  deposited  in  primieval  times,  the  upper  ia  the  nu 
recent  times.     But  in  no  one  place  on  tbe  sorfaoD  of  (i 
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globe  is  the  entire  series  of  the  strata-system  perfect,  with 
layer  on  layer  in  due  succession ;  in  no  place  is  the  series  even 
approximately  complete.  In  fact,  the  order  of  the  diflferent 
strata  of  the  earth  and  of  the  corresponding  periods  of  the 
earth's  history,  as  commonly  conceived  by  geologists,  is  only 
hypothetical,  and  does  not  actually  exist ;  it  is  the  result  of 
the  comparison  of  a  number  of  separate  observations  of  the 
sequence  of  strata  at  various  points  on  the  earth's  surface. 

We  shall  treat  the  Phylogeny  of  Man  in  a  similar  way. 
We  will  endeavoxu*  to  form  the  various  phylogenetic  frag- 
ments, occurring  in  veiy  different  groups  of  the  animal 
kingdom,  into  an  approximately  correct  representation  of 
the  ancestral  line  of  Man.    We  shall  find,  that  it  is  really 
possible,  by  rightly  grouping  and  comparing  the  germ-history 
of  very  diverse  animals,  to  obtain  an  approximately  perfect 
picture  of  the  palseontological  development  of  the  ancestors 
of  Man  and  of  Mammals ;  a  picture,  such  as  could  never  be 
formed  from  the  Ontogeny  of  the  Mammals.    In  consequence 
of  the  kenogenetic  processes  to  which  we  have  alluded,  in 
consequence  of  vitiated  and  of  abridged  heredity,  whole 
series  of  the  lower  stages  of  evolution,  especially  in  the  most 
ancient  periods,  have  fallen  out  from  the  germ-history  of 
Man  and  of  other  Mammals,  or  have  been  vitiated  by  modifi- 
cation.   But  in  the  lower  Vertebrates  and  in  their  Inverte- 
brate ancestors  we  meet  with  these  very  low  form-stages 
in  all  their  original  purity.    Especially  in  the  lowest  of  all 
Vertebrates,  the  Amphioxus,  the  most  ancient  ancestral  forms 
have  been  perfectly  retained  in  the  evolution  of  the  germ. 
So,  too,  we  find  strong  evidence  in  the  Fishes,  which  stand 
midway  between  the  lower  and  higher  Vertebrates,  and 
which  explain  several  other  phylogenetic  periods.     Lastly 
20 
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come  the  liigliest  Vertebrates,  in  which  the  middle  and  the 
older  stages  of  ancestral  evolution  have  been  cither  falBiB<?d 
or  abridged,  but  in  which  the  later  stages  of  the  phylo- 
genetic  process  are  still  well  retained  in  the  Ontogcnv. 
Thus  it  is  possible,  by  collating  and  comparing  the  hi 
of  individual  development  in  the  different  groups  of  V«| 
bratea,  to  obtain  an  approximately  complete  picture  of 
palaeontological  history  of  tlie  development  of  the  anc^ston* 
of  Men,  ivithin  the  vertebrate  tribe.  If  we  descend  below 
the  lowest  Vertebrates,  and  compare  the  germ-history  d 
these  with  that  of  the  phylogenetically  allied  Invertcbmt 
we  can  ti^ace  the  genealogical  line  of  our  animal  anci 
much  further,  as  far  back  bs  the  lowest  Plant-ani 
{Zoophytes)  and  Primitive-animals  (Protoioa). 

In  now  treading  the  oliscure  path  of  this  phyl( 
labyrinth,  holding  fast  the  Ariadne's  clew  of  tlie  funda- 
mental law  of  Biogeny  and  guided  by  the  light  of  Com- 
parative Anatomy,  we  must,  in  accordance  with  the  metboJ 
we  have  just  indicated,  search  out  from  among  the  diTcrsc 
germ-histories  of  very  different  animals,  those  fragmenta  from 
which  we  may  construct  the  tribal  history  of  Man ;  and  w» 
must  arrange  these  fragments  in  their  proper  order.  Here 
again  I  would  call  special  attention  to  the  fact  that  we 
employ  tliis  method  with  the  same  certainty  and  with  tim 
same  right  as  do  geologists.  No  geologist  has  seen 
actual  process  in  which  the  gigantic  rock-ma^en,  com] 
the  Cai-bonifcroua  formations,  the  Jurassic,  the  Cretai 
etc,  were  actually  deposited  by  the  water.  Nor  Iiaa 
geologist  actually  seen  that  these  various  sedimentaty 
formations  originated  in  a  particular  sequence ;  and  yet  xV 
a^eeos  to  this  sequence.     Tbo  reason  of  this  ia  that  onlj 
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on  the  hjrpoihesis  of  this  sedimentary  stratification  and  of 
this  sequence,  is  the  nature  and  origin  of  these  rock-masses 
intelligible.  Since  they  are  only  conceivable  and  explicable 
by  these  "geological  hypotheses,"  these  hypotheses  are 
universally  accepted  as  "  geological  theories." 

On  similar  grounds,  our  phylogenetic  hypotheses  can 
claim  precisely  the  same  force.  In  proposing  them  we 
follow  the  same  inductive  and  deductive  methods,  and  with 
the  same  approximate  certaintj'',  as  are  followed  by  geolo- 
gists; because  only  with  the  aid  of  these  phylogenetic 
hjrpotheses  is  the  nature  and  origin  of  Man  and  of  other 
organisms  conceivable  ;  and  because  these  hypotheses  only 
can  satisfy  our  reason  in  its  demand  for  causality,  therefore 
we  hold  these  to  be  just ;  therefore  we  claim  for  them  the 
rank  of  "biological  theories."  And,  just  as  geological 
hypotheses,  which  even  in  the  beginning  of  the  present 
century  were  derided  as  speculative  castles  in  the  air,  are 
now  universally  accepted ;  so,  too,  before  the  close  of  this 
century  will  our  phylogenetic  hypotheses  be  received  as 
valid,  although  they  are  at  present  ridiculed  by  the  narrow- 
minded  majority  of  naturalists  as  "the  dreams  of  the 
physio-philosophers."  It  is  true,  our  task,  as  we  shall  find, 
is  not  so  simple  as  that  of  the  geologists.  It  surpasses  the 
latter  in  difiiculty  and  complexity  in  the  same  proportion  as 
the  organization  of  Man  is  higher  than  the  structure  of  the 
rock.^^ 

When  we  approach  our  task,  we  obtain  very  essential 
aid  by  first  closely  studying  the  comparative  germ-history 
of  two  low  animal  forms.  One  of  these  is  the  Lancelot 
(Amphioxus),  and  the  other  is  the  Sea-squirt  (Ascidia) 
(Plates  X.  and  XI.).  Both  animals  are  extremely  significant 
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Both  stand  on  the  borderland  between  tbe  two  ohiefdivi 
of  the  animal  kingdom,  which  since  the  time  of  ] 
(ISOl)    have   been   distingiiished   as   the  Vertpbratcs 
the  Invertebrates.     The  Vertebiatea  embrace   the  i 
mentioned  classes  from  the  Lancelet  up  to  Man  (Ace 
Lanipreya,  Fishes,  Double-breathers,  or  Dipneusta,  Amplubi 
Reptiles,  Birds,  Mammals).    In  contradistinction  to  those.! 
other  animals  have  usually,  in  agreement  with  the  exam^ 
of  Lamarck,  been  classed  as  'Invertebrates."     But,  as  i 
have  already  had  occasion  to  remark,  the  Invertebrates  i 
turn  consist  of  several  quite  distinct  tribes.    Of  these,  (J 
Star-animals  (EfhiiioclcrTna),  the  Soft-bodied  Animals  ( 
lusca),  and  the  Articulated  Animals  (Artkropoda),  do  1 
interest  US  here,  because  they  are  independent  main  b 
of   the   animal  genealogical  tree,  which  are  quite  distil 
from   the  Vertebrates.     The   class  of  Worms   is, 
other  hand,  extremely  intei'esting  to   us.     In    tbis   ] 
a  very  remarkable  class  of  animals  exists  which  lias  t 
recently   been   carefully  studied,   and   which    bears 
significantly  on  the  genealogical  tree  of  Vertebrates. 
class    is    tJiat    of   the    &lant1e-animals    {Tunicata). 
member  of  this  class,  the  Sea-squirts  {Asddia),  very  clos 
resembles  in  its  internal  structuro  and  in  its  ^ 
the  lowest  Vertebrate,  the  Lancelet  (Ampfdaxua). 
few  years  ago  no  one  suspected  the  close  connection  1 
tween  these  two  apparently  quite  different  auimal  fon 
and  it  was  a  very  lucky  accident  that  just  now,  while 
question  as  to  the  descent  of  the  Vertebrates  from  lover 
brates  is  foremost,  the  germ-history  of  these   two  i 
closely  allied  animals  was  discovered.     In  order  rigl 
understand  the  gcrm-bistory  of  the  Lancelet  and  the  S 
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Bquirt,  we  must  first  consider  these  two  remarkable  animals 
in  their  perfect  state  and  compare  their  anatomies. 

We  begin  with  the  Lancelet,  or  Amphioxus,  which,  after 
Man^  is  the  most  important  and  interesting  of  all  Vertebrates 
(Cf.  Fig.  151,  and  Plate  XI.  Fig.  15.)  The  Lancelet  was  first 
described  in  1778  by  a  German  naturalist,  named  Pallas. 
He  received  this  little  animal  from  the  British  North  Sea, 
and,  thinking  that  in  this  animal  he  recognized  a  form 
closely  allied  to  the  common  Naked  Snail  {Limax),  he  gave 
it  the  name  of  Li/max  lanceolatua.  For  more  than  half  a 
centuiy,  no  one  troubled  himself  about  this  reputed  Naked 
SnaiL  Not  till  1834  was  this  insignificant  creature  observed 
alive  in  the  sand  at  Naples,  by  a  local  zoologist  named 
Costa.  He  asserted  that  it  was  no  snail,  but  a  diminutive 
fish,  and  gave  it  the  name  of  Branchiostoma  lubricum.  Just 
about  the  same  time  the  English  naturalist,  Yarrell,  showed 
that  it  possessed  an  internal  axial  skeleton,  and  called  the 
animal  Amphiooms  lanceolatus.  Then,  in  1839,  it  was 
studied  most  closely  by  Johannes  Miiller  of  Berlin,  to 
whom  we  are  indebted  for  a  very  profound  and  thorough 
dissertation  upon  its  anatomy .^^  Recently  our  knowledge 
of  the  animal  has  been  greatly  extended,  and  its  more 
delicate  structure  especially  has  become  better  known"* 

The  Amphioxus  lives  in  flat,  sandy  localities  on  the  sea- 
coietst,  partly  buried  in  the  sand,  and  appears  to  be  very 
widely  distributed  in  various  seas.  It  is  found  in  the 
North  Sea  (on  the  British  and  Scandinavian  coasts,  and 
also  in  Heligoland),  in  various  parts  of  the  Mediterranean 
{e.g.,  at  Nice,  Naples,  Messina).  It  also  occurs  on  the  coast 
of  Brazil  and  on  the  distant  shores  of  the  Pacific  Ocean 
(the  coast  of  Peru,  Borneo,  China,  eta).  Everywhere  this 
remarkable  little  animal  appears  in  the  same  simple  foi-m.^ 
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Johannes  Miiller  referred  tte  Lancelet  to  the  class  of 
Fishes,  though  he  insisted  that  the  differences  between  tlilx 
lowest  of  the  Vertebrates  and  the  lowest  Fishes  are  much 
more  considerable  than  the  difference  between  all  Fislies  anJ 
the  Amphibia.  But  this  is  far  irom  expressing  the  real 
signtticance  of  this  important  little  animaL  Indeed,  we 
might  confidently  lay  down  the  proposition  that  the  dif- 
ference between  the  Amphioxus  and  tlie  Fishes  is  far  greater 
than  between  the  Fishes  and  Man  and  all  other  Vertpbratw 
Nay,  so  widely  does  the  Auiphioxiis  differ  in  its  wh"Io 
organization  fiom  the  rest  of  the  Vertebrates,  that,  according 
to  tlie  laws  of  systematic  logic,  we  are  forced  to  diatinguiah 
two  main  divisions  of  the  vertebrate  tribe:  (I)  the  Skull-lea 
Animals,  or  Acrania  (the  Amphioxus  and  the  exttDCt  allied 
forms) ;  and  (2)  the  Skulled  Animals,  or  Cranwta  (Man  and 
all  other  Vertebrates,)"* 

Tlie  first  and  lower  division  consists  of  Vertefarftte* 
witlumt  head,  brain,  or  skull,  for  which  reason  tlioy  an 
called  Skull-less  Animals,  or  Acriinia.  Of  those,  the  o 
extant  representative  is  the  Amphioxns,  tliough  in  I 
earlier  periods  of  the  earth's  history  very  numcrouii  ii 
vai'ied  forms  belonging  to  this  division  must  havo  exiir 
We  may  here  lay  down  a  universal  law,  which  must  I 
accepted  by  eveiy  adherent  of  the  theory  of  evolution: 
such  entirely  peculiar  and  isolated  animal  forms,  t 
Amphioxus — wldcli  apparently  stands  alu&o  iu  the  whdl 
system  of  animals — are  always  the  last  survIvOTs  of  an 
extinct  group,  numerous  and  diversified  forms  of  which 
existed  at  an  earlier  period.  As  the  whole  Amphionu  i> 
soft,  and  has  no  firm  organs,  capable  of  being  fusbLi^d,  w« 
may  suppose  tliat  &U  its  numerous  extinct  kindred  were 
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equally  soft  and  were,  therefore,  equally  incapable  of  being 
petrified  and  of  leaving  any  fossil  impressions. 

Contrasted  with  the  Skull-less  Animals  stands  the  other 
main  division  of  Vertebrates,  embracing  all  the  rest  of  that 
class  from  Fishes  to  Man.  These  all  have  a  head,  clearly 
marked  from  the  ti*unk,  with  a  skull  and  brain ;  they  all 
have  a  centralized  heart,  developed  kidneys,  eta  They  are 
called  Skulled  Animals,  or  Craniota,  But  in  the  earliest 
stages  of  their  existence  even  these  are  skull-less.  As  we  have 
seen  in  the  Ontogeny  of  Man,  every  Mammal,  in  the  early 
stages  of  individual  development  passes  through  a  condition 
in  which  it  has  neither  head,  nor  skull,  nor  brain,  and 
possesses  only  the  well-known,  simple  form  of  a  lyre-shaped 
disc,  or  of  a  shoe-sole,  without  any  limbs  or  extremities. 
Comparing  these  early  embryonic  forms  with  the  developed 
Lancelet,  we  may  say,  that  the  Amphioxus  is  in  a  certain 
sense  a  persistent  embryo,  a  permanent  germ-form  of 
SkuUed-animals ;  it  never  passes  beyond  a  certain  low, 
early  youthful  condition,  out  of  which  we  have  long  since 
passed. 

The  perfectly  formed  Lancelet  (Fig.  151)  is  5  to  6  cm.  in 
length  (above  two  inches),  is  either  colourless  or  slightly 
reddish,  and  i»  shaped  like  a  narrow  lanceolate  leaf.  The 
body  is  pointed  at  both  ends,  and  much  compressed  later- 
ally. There  is  no  trace  of  limbs.  The  outer  skin-covering 
is  very  delicate  and  thin,  naked,  translucent,  and  consists  of 
two  distinct  strata ;  a  simple  external  skin,  the  outer  skin 
{epidermis;  Plate  X.  Fig.  13,  h),  and  a  fibrous  leather-skin 
(oorium),  lying  below  the  epidermis  (Fig.  13,  i).  The  central 
line  of  the  back  is  traversed  by  a  narrow  fin-like  ridge 
which  widens  behind  into  an  oval  tail -fin.  and  is  prolonged 


underneath  into  a  sbort,  anal  fin.  The  fin-like  ridge  is  rap 
ported  by  a  great  number  of  small  and  delicate  quadran^lar 
plates  (Plato  XI.  15,/).  The  delicate  parallel  lines  under 
the  skin,  which  describe  an  acute  angle  forward  along  the 
craitr&l  line  of  each  side,  are  the  boundary  lines  of  thq 
numeroiis  dorsal  muscles  (Fig.  15,  r  and  6). 

In  the  centre  of  the  Wly  is  a  thin  cartilaginoi 
cord,  which  traverses  the  longitudinal  axis  of  the  entire  b 
from  front  to  rear,  and  ia  symmetrically  sharpened  at  I 
ends  (Fig.  151,  i).  This  is  the  notochord  (chorda  doi-8a?is)i 
which  in  this  case  takes  the  place  of  tha  backbone,  or 
vertehral  column.  In  the  Ainpbioxus  the  notochord  does  not 
develop  further,  but  remains  permanently  in  this  most  simply 
original  condition.  It  is  enclosed  in  a  firm  membranot 
covering,  the  notochord-sheath.  The  nature  of  the  latte 
and  of  the  formations  which  proceed  from  it,  may  be  I 
seen  in  the  transvei-se  section  of  the  Amphioxus  (Fig.  15ft 
Plate  X.  Fig.  13,  cs).  Immediately  above  the  chorda  ( 
notochord-sheath  forms  a  cylindrical  tube,  and  in  this  tufai 
the  central  ncr\'ous  system  lies  enclosed,  the  spinal  or  r. 
dullary  tube  (Plate  XI,  Fig.  13,  m).  Tliis  important  menta 
organ  retains  throughout  life  this  most  simple  form,  that  0 
a  cylindrical  tube,  the  anterior  and  posteriot'  ends  of  whid 
Are  almost  equally  simple,  and  the  thick  wall  of  whi^ 
encloses  a  nanow  canal.  The  anterior  end  is,  indefHl,  rathfl 
rounder,  and  contains  a  small,  hardly  noticeable,  bla<]d«i 
like  swelling  of  tlie  canal  (Fig.  15,  m^).  This  may  be  re 
I  garded  as  the  first  indication  of  a  real  brain-bladiler  ;  as  n 
I  rudimentary  brain.  On  the  foremost  end  there  is  als<i  a 
I  little  black  piginent-spot,  the  rudiment  of  an  eye.  Near 
Ktliis  eye-apot,  on  the  left  side,  there  ia  a  little  ciliated  gro'ivei 
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the  single  organ  of  smelL  The  organ  of  hearing  is  entirely 
wanting.  This  defective  evolution  of  the  higher  sense- 
organs  is  probably  in  great  measure  explicable  as  not 
original,  but  as  a  degeneration. 

Below  the  notochord  runs  a  very  simple  intestinal  canal, 
a  tube,  which,  on  the  ventral  side  of  the  little  animal,  opens 
in  front  in  a  mouth,  and  at  the  back  in  an  anus.  The  mouth 
is  oval,  and  surrounded  by  a  cartilaginous  circle,  on  which 
are  20  to  30  filaments  of  cartilage  (organs  of  taste)  (Fig. 
151,  a).  By  a  contraction  in  the  centre,  the  intestinal  canal 
divides  in  the  centre  into  two  very  different  parts,  of  about 
equal  length.  The  anterior  division  acts  as  a  respiratory 
organ,  the  posterior  end  as  a  digestive  organ.  The  anterior 
half  forms  a  wide  gill-body,  the  lattice-like  wall  of  which 
is  pierced  by  numerous  gill-openings  (Fig.  151,  d,  and  Plate 
XI.  Fig.  15,  k).  The  delicate  bars  of  the  gill-body,  between  the 
openings,  aie  supported  by  small,  firm  parallel  staves,  which 
are  connected  together  in  pairs  by  cross-staves.  The  water 
which  the  Amphioxus  takes  in  through  its  mouth  passes 
through  these  openings  in  the  gill-body  into  the  large  gill- 
cavity  which  surround  the  gill-body,  and  then  passes  further 
back  and  out  through  the  breath-hole,  or  gill-pore  {jporus 
brancliialia;  Fig.  151,  c).  On  the  ventral  side  of  the  gill- 
body  there  is,  along  the  central  line,  a  ciliated  groove 
(the  hypobranchial  gi'oove),  which  also  occurs  in  Ascidians 
and  in  the  larv83  of  Cyclostomi ;  it  is  of  interest  because 
from  it  in  the  higher  Vertebrates  is  developed  the  thyroid 
cartilage  on  the  throat  (on  the  lower  part  of  the  so-called 
Adam's  apple;  Fig.  15,  y). 

Behind  the  breathing,  or  respiratory  part  of  the  intestinal 
canal  comes,  secondly,  the  digestive  pai't    The  small  bodies 
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whicli  the  Amphloxtu  tokea  up  ia  the  water  it  breaUies — 
Infusoria,  Diatomaccse,  parts  of  decayed  plants,  and  animal 

Fia  l&l  — Luoelet  {Ampkiozia  laitaolatut),  twice 
the  QBtDral  uzo ;  seen  from  the  left  tide  (tho  longitn- 
diD&l  axis  standi  apright;  the  moatb  end  i*  Inniid 
upwards,  the  tall  eod  dowDwarda,  aa  in  Plate  XI. 
Fig  15)  a,  moath-opening,  nirronnded  bj  hain; 
h,  anal  opening ;  c,  gill-poro  (porua  bmiuAiali*) ; 
d  gill  bod;,  e,  BtoniB«h;  /,  lirer;  g,  nnall  intestine; 
h,  giil-cavity;  ■',  notoaliord  (beloir  this  tlio  aoita)] 
t,  aorta-aroh  I  I,  main  trunk  of  the  g:ill-art«j;  m, 
aweltinga  on  the  bronohM  of  the  lattsr,  n,  bi>Ui>« 
Toin  (rtna  eaira}i  n,  iatestinal  TOio. 

bodies,  etc  — pass  back  from  the  gill-body 
into  the  digestive  section  of  the  intea- 
tiiial  canal,   and  are   there   taken   up  as 
'i-M      31  fuod  and  assimilated.    From  a  rather -widtT 

section,  corresponding  to  the  stomach 
(Fig.  151,  c),  proceeds  an  oblong,  jwuch- 
like  blind-sac  (/),  which  pasHCH  direcllv 
forward,  and  ends  on  the  riglit  siile  of  thv 
gill-body.  This  is  the  liver  of  the  Aiitplii- 
oxurt,  the  simplest  fonn  of  liver  that  w 
know  of  in  any  Vertebrate.  In  Man  alsu, 
\\  I    J'l  as  we  shall  see,  the  liver   develops   as  a 

pouch-shapwl  blind-sac,  which  protrudiT' 
from  the  intestinal  canal  behind  tht- 
.stuiiiacli. 

Tlie  structure  of  the  system  of  blix»«l- 
vessels  in  our  lit.tle  animal  is  not  less  re- 
markable than  that  of  the  intestine.  Yur 
while  all  otlu-r  Vfi-t^-'brntes  have  a  conipressLnl,  thick,  punt- 
thajK-'d  heart,  which  develops  at  the  thi-oat  from  the  lower 
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^aU  of  the  anterior  intestine,  and  from  which  the  blood- 
vessels  proceed,  there  is  in  the  Amphioxus  no  special  central- 
ized heart,  propelling  the  blood  by  its  pulsationa  Instead, 
the  movement  of  the  blood  in  the  Ampliioxus,  as  in  the 
Ringed  Worms  (AvTielida),  is  eflFected  by  the  thin  tubular 
blood-vessels  themselves,  which  perform  the  functions  of  the 
heart,  contracting  and  pulsating  through  their  entire  length, 
and  thus  driving  the  colourless  blood  through  the  whole 
body.  This  circulation  is  so  simple  and  yet  so  remarkable, 
that  we  will  briefly  consider  it.  Let  us  begin  in  front  at 
the  lower  side  of  the  gill-body.  In  the  central  line  of  this 
lies  a  large  main  vessel,  which  corresponds  to  the  heart  of 
other  Vertebrates  and  to  the  main  gill-artery  proceeding 
from  its  heart,  and  which  propels  the  blood  into  the  gills 
(Fig.  151,  Q.  The  anterior  portion  of  this  is  swollen  like 
a  heart  and  is  extended  (immediately  in  front  of  the  first 
gill-opening).  Numerous  little  arching  vessels  rise  on  each 
side  from  this  gill-artery,  form  little  heart-like  swellings 
(bulbs,  m)  at  their  point  of  departure,  traverse  the  gill- 
arches,  between  the  gill-openings,  round  the  anterior  intes- 
tine, and  unite  as  gill-veins  above  the  gill-body  in  a  great 
main  vessel,  which  passes  below  the  notochord.  This  vessel 
is  the  primitive  aorta  (Plate  X.  Fig.  13,  < ;  Plate  XI. 
Fig.  15,  t).  The  aorta  passes  between  the  intestine  and  the 
notochord  precisely  as  in  all  the  higher  Vertebratea  The 
branch-vessels  which  this  aorta  sends  to  all  parts  of  the 
nntii^e  body,  again  collect  into  a  large  venous  vessel,  which 
passes  to  the  lower  side  of  the  intestine,  and  which  may 
here  be  called  the  intestinal  vein  (Fig.  151,  0  ;  Plate  X. 
Fig.  15,  v ;  Plate  XI.  Fig.  13,  v).  It  passes  on  fuii,her  over  the 
pouch-like  liver,  there  forms  a  kind  of  cystic  vein,  weaving 
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a  fine  voiiciitar  network  around  the  blind-sac  of  the  ti/( 
Eind  then  passes,  as  a  liver  vein,  into  a   vessel,  directc 
toward   the   front,  which   we  may  call    the  hollow  vein 
(Fig.  151, 7i).     Tilts  last  passes  agnin  directly  to  the  ventral 
aide  of  the  gill-body,  and  here  directly  re-enters  the  gill-, 
artery,  which  we  took  as  a  starting-point     Like  a  circnlai 
closed  aqueduct,  this  single  main  vascular  tube  passes  alonj 
the  intestinal  tube  thi-ough  the  whole  body  of  the  AmpU 
oxus,  piiLsatiog  throughout  itjj  entire  length  both  above  a 
below.     Within  about  a  miniite  the  colourless  blood  ia  thta 
driven  through  the  wbole  body  of  the  little  creature     Wha 
in  pulsating,  the  upper  tube  contracts,  the  lower  fills  willi 
blood,  and  vice  versd.     Above,  the  current  of  blood  is  fniB 
front  to  rear ;  below,  on  the  contrary,  it  is  fi-om  the  rear  ti 
the  front.     The  entire  long  vascular  tube,  which  runs  beloi 
along  the  ventral  side  of  the  intestinal  tube,  and  whi 
contains   venous  blood,  probably  represents   the   so-called 
ventral  blood-vessel  of  Wonns  (Plate  IV.  Fig.  7,  v).     On  t 
other  hand,  the   long  straight  vascular  tube,  which   rnm 
above  along  the  dorsal  line  of  the  intestinal  tube,  bctwco 
it  and  the  notocliord,  and  which  contains  arterial  blood,  ii^^ 
on  the  one  hand,  evidently  homologous  with  the  aortA  of 
other  Vertebrates,  and,  on  the  other  hand,  witli  the  so-call<^ 
doisal  blood-vessel  of  Woitqs  (Plate  IV.  Fig.  7,  ()■ 

Johannes  Miillcr  recognized  this  important  similarity  il 
the  formation  of  the  system  of  blood-vessels  of  the  Lancelot 
and  of  Worms.  Ho  directed  sjwcia]  attention  to  the  am 
giea  of  the  two,  and  their  physiological  resemblnnre, 
blood  in  both  being  driven  by  the  pulsating  contractions  o 
the  great  vascular  tubes  thioughout  their  entire  length, 
nut  by  a  oentrolized  heart,  as  in  all  other  Vertebrates. 
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we  conceive  that  this  important  resemblance  is  more  than 
a  mere  analogy.  It  has  the  deeper  significance  of  a  true 
homology,  and  rests  on  a  morphological  resemblance,  of  the 
organs  compared.  Thus,  the  Amphioxus  shows  us  that  the 
aorta,  the  single  main  artery  of  Vertebrates,  running 
between  the  intestine  and  the  notochord,  represents  the 
dorsal  blood-vessel  of  Worms.  On  the  other  hand,  the  ven- 
tral blood-vessel  of  the  latter  is  retained  only  in  the  single 
intestinal  vein  passing  below  the  intestine  of  the  Amphioxus 
(and  its  anterior  continuation ;  cystic  vein,  liver  vein, 
hollow  vein  (y.  cava),  gill-artery).  In  the  developed  body 
of  all  other  Vertebrates  this  intestinal  vein  (originally  the 
main  venous  blood-vessel !)  is  far  outstripped  by  other 
veins. 

Together  with  the  real  blood-vessels,  special  absorbing 
lymph-vessels  seem  to  exist  in  the  Amphioxus.  Several 
canals,  extending  under  the  skin,  have  recently  been 
regarded  in  this  light,  especially  tho  narrow  "ventral  canals" 
(Fig.  152,  Sj),  and  wide  "side  canals"  (S),  Both  pass  along 
the  whole  length  of  the  ventral  side  and  contain  colourless 
lymph.  The  side  canals  (S)  must  possibly  be  regarded  as 
the  last  remnants  of  degenerated  primitive  kidney  ducts. 
They  lie  in  the  two  parallel  side  folds  of  the  ventral  skin 
(F),  ending  blindly  both  in  front  and  behind,  and  do  not 
open  outwards,  as  was  supposed  till  recently. 

The  real  body-cavity  (cosloma)  in  the  Amphioxus  (Fig. 
152,  Lh)  is  extraordinarily  narrow  and  small  It  surrcimda 
the  intestinal  tube  in  its  narrow  cavity,  and  is  probably  con- 
nected with  the  lymph  spaces.  Formerly  it  was  confused 
with  the  large  respiratory  cavity  or  gill-cavity  (-4),  which  is 
of  entirely  different  morphological  and  physiological  signifi- 
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Fir..  l."2.— Trnnsrcrsc  fpclion  Ihroiiph  tho  nrilerior  port  o(  n  Latn-clPi. 
(.\flfr  I{,.l|.li.)  Tl,n  ontiT  cov.-nh«  fon..»  H.c  Hnglf  crH-stralnm  of  liic  ..ui.  r 
rUm  I'pi.l' .■,.,i,,  K).  H,.h.w  rl.is  lios  Ihp  Ihin  leollicr  tkin  (,v,r.H,.,).  ih'' 
iTiiicr  li-Mio  .if  H-liidi  is  iliiik™cd  bcluw  ((")  ;  jjartitioii  ivntls  nf  ciim.«tiio 
lis,u.-  |«is.-  iiiivnvd  fn.iii  it  bci«pon  lln-  niHfclea  (3/,)  and  lo  il.p  Mionln- 
slionlli;  .V,  itiPiliiUnry  tube;  r'.,  notiidiord  ;  iJi,  body-oaTity  {rnlni,:!!) ;  A, 
plU-ftvityi  7„  upp-TwnU  ot  llic  lailpr;  K,.  iontr  wnll  of  the  tame;  A',, 
onler  wnll  of  (hu  saniu;  fi',.*,  Rill-nids ;  .V.  ventral  mnBclcB;  R.  Rnpbp.  tr 
seam  firmed  by  tbo  coalcscenco  of  Ibc  ventral  tuldg  (gill-roots)  ;  G,  fciual 
/rJanils, 
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canca  The  ti-ue  body-cavity  {Lh)  is  filled  with  lymph, 
its  inner  wall  being  clothed  by  the  intestinal-fibrous  layer, 
its  outer  wall  by  the  skin-fibrous  layer.  The  gill-cavity  (-4) 
is,  on  the  contrary,  filled  with  water,  and  its  whole  wall  is 
clothed  by  the  skin-sensory  layer.  The  latter  envelopes  ilie 
outer  surface  of  the  two  large,  lateral  gill-roofs,  the  lateral 
processes  from  the  body-wall,  which  grow  together  below 
round  the  original  ventral  side,  and  unite  in  the  central  line 
(in  the  ventral  seam  or  raphe.  Fig.  152,  R), 

On  each  side  of  this  ventral  seam,  on  the  inner  surface  of 
the  gill-roofs,  directly  in  front  of  the  gill-pore  {yorus 
branchialia),  and  over  the  ventral  muscles  (M)  and  between 
the  sexual  glands  (©),  lie  the  kidneys  of  the  Amphioxus. 
These  urinary  glands  are  present  in  the  simplest  form,  as 
glandular  epithelial  swellings  of  the  skin-sensory  layer. 
The  epithelial  cells  of  these  are  distinguished  by  peculiar 
size  and  nature,  and  contain  crystalline  deposits.  As  we 
regard  the  primitive  kidneys  of  other  Vertebrates  also  as 
originally  skin-glands,  and  as  we  derive  them  from  the  skin- 
sensory  layer,  it  is  very  interesting  to  find  these  organs 
permanently  retained  in  the  Lancelet  as  skin-glands. 

The  sexual  organs  also  appear  in  a  perfectly  simple 
form.  On  both  sides  of  the  gill-intestine,  in  the  central  part 
of  the  gill-cavity,  lie  from  twenty  to  thirty  small  elliptical  or 
roundly  four-cornered  sacs,  which  can  easily  be  seen  by  the 
naked  eye  from  without,  through  the  thin  transparent  waU 
of  the  body.  In  the  female,  these  little  sacs  are  the  ovaries, 
and  contain  numbers  of  simple  egg-cells  (Plate  X.  Fig.  13,  e). 
In  the  male,  these  are  replaced  by  the  testes,  heaps  of 
smaller  cells,  which  change  into  movable  whip-cells  (sperm- 
cells).    Both  kinds  of  sacs  lie  within  on  the  inner  wall  of 
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the  giU-cavity,  and  have  no  special  channela  of  exit  When 
the  G^  of  the  female  and  the  seed  masses  of  the  male  ai(? 
matui-ed,  they  fall  into  the  body-cavity,  and  are  expellei] 
through  the  gill-pore  (p.  branchialis). 

Now  on  tiying  to  comprehend  in  one  connected  new  the 
results  of  our  anatomic  study  of  (h;  Araphioxus,  and  com- 
paring this  conception  with  the  known  organism  of  Man. 
the  contrast  between  the  two  seems  immense.  In  fact,  the 
most  perfect  vertebrate  organism,  represented  by  Man.  is  in 
every  respect  so  far  above  that  lowest  stage  in  which  the 
Lancelet  remains,  tbat  it  seems  at  fii'st  almost  iinpossiblti  to 
place  both  organisms  in  the  same  main  division  of  the 
animal  kingdom.  And  yet  this  classification  is  ba.<ted  on 
unassailable  grounds.  For  Man  represents  only  a  further 
advance  of  the  same  vertebrate  type,  which  in  all  its  rudi- 
mentary characters  ia  unmistakably  seen  in  the  Ainphioxa^. 
It  is  only  necessary  to  recall  the  representation  wliich  hu 
been  given  of  the  ideal  form  of  the  Primitive  Vertebrate 
(p.  25G)  and  to  compare  wit'  it  the  various  lower stagt* of  ■ 
development  of  the  human  embryo,  in  order  to  1 
convinced  of  our  near  relationship  to  the  Lancelot. 

It  is  true  that  a  few  zoologists  have  recently  maJntAioed  " 
the  paradoxical  view  that  the  Ampliioxus  is  in  no  my 
allied  to  Vertebrates.  This  was  asserted  especially  by  Kirl 
Semper  and  Robhy  Kossnian,  the  same  learned  pair  1 
discovered  in  Goethe  a  narrow-minded  upholder  of  i 
constancy  of  species  (see  p.  111).  But  these  gentlemen  ( 
only  have  uttered  this  assertion  in  order,  in  the  absence  < 
positive  merits,  to  make  their  names  known  by  ] 
instances.  One  who  &t  the  present  time  tDaintains  1 
the  AmphioxuB  ia  not  allied   to  Vertebrates  goes  back  i 
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whole  century,  even  beyond  Pallas  (1778),  and  only  proves 
that  his  notions  of  Comparative  Anatomy  and  of  the  history 
of  evolution  are  extremely  weak. 

The  Amphioxus  does,  indeed,  stand  very  far  below  all 
other  extant  Vertebrates.  It  is,  indeed,  without  the  head 
containing  a  developed  bmin  and  skull,  which  distinguishes 
all  other  Vertebrates.  It  is  without  an  organ  of  hearings 
and  without  a  centralized  heart,  such  as  all  others  possess  ^ 
perfect  kidneys  are  also  lacking.  Each  organ  appears  in  a 
simpler  and  more  imperfect  form  than  in  any  other  Ver- 
tebrate. And  yet,  the  rudimentary  characters,  the  connec- 
tion and  relative  position  of  all  the  organs,  are  the  same  as 
in  all  other  Vertebrates :  moreover,  they  all,  during  their 
embryonic  development,  pass,  at  an  early  period,  through  a 
stage  in  which  their  whole  organization  is  not  superior  to 
that  of  the  Amphioxus,  but  rather,  agrees  with  it  in  all 
essential  particulars.    (C£  Table  IX.) 

In  order  to  be  thoroughly  convinced  of  this  important 
fact,  it  is  specially  instructive  to  compare  the  Amphioxus 
with  the  early  forms  of  development  of  those  Vertebrates 
which  are  most  nearly  allied  to  it  in  the  natural  system 
of  this  tribe.  This  is  the  class  of  the  Round-Mouths 
(Oydostomi),  This  remarkable  class,  which  formerly  com- 
prehended many  species,  contains  at  the  present  day  but 
very  few  species,  which  are  separable  into  two  different 
groupa  One  group  is  formed  by  the  Hags  (Myxinoidoe), 
which  have  been  made  known  to  us  by  Johannes  Muller  s 
classic  work,  "  Vergleichende  Anatomic  der  Myxinoiden." 
The  other  group  is  formed  by  the  well-known  Lampreys,  or 
Rock-Suckers  (Petromyzonta),  which  are  eaten  as  a  delicacy. 

All  these  Round-Mouths  are  usually  included  in  the  class  of 
80 


Fishes.    They  stand,  however,  far  below  the  true  FLshes, 
form  a  very  interesting  connecting  group  betw 
and  the  Lancelot.     How  near  they  stand  to  the  latter, 
clearly  seen  if  an  immature  Lamprey  {Petromyzon,  Plate 
Fig.  16)  is  compared  with   the  Amphioxus  (Fig.  15), 
both,  the  notochord  (cA)  is  in  the  same  simple  form,  aa 
also  the  medullary  tube  (th),  lying  above  the  notochord, 
the  intestinal  tube  {d).  lying  below  the  notochord.     But 
the  Ijamprcy,  the  medullary  tube  soon  swells  in  front 
a  simple  pear-shaped  brain-bladder  (m ,),  and  on  each 
of  this  appears  a  very  simple  eye  (au)  and  a  simple  ear- 
vesicle  (</),     The  nose   (n)  is  still  a  single  pit,  as  in  tlit- 
Amphioxus.     The  two  sections  of  the  intestine  abo,  the 
anterior  gill-inteatine  (A)  and  the  posterior  stomach-ini 
tine  (d),  are  very  simple  in   the  Lamprey,  and  very 
those  of  the  Amphioxus.      On   the  otlier  hand,  there  is 
decided   prog;i'ess  in  the  organization  of  the  heart,  which 
appears  below  the  gills  as  a  centralized  muscular  pouch,  and 
separates  into  an  auricle  Qiv)  and  a  ventricle  (A/').    At  » 
later  period,  the  Lamprey  attains  to  a  considerably  higher 
state  of  development,  acquires  a  skull,  five  brain-bladdem, 
a  series  of  independent  gill -pouches,  eta     But  Uiia  makes 
the  remarkable  similarity  of  its  young  larva  to   the  <!«■ 
vcloped  Amphioxus  all  the  more  intei-esting,'" 

The  Amphioxus,  which  is  thus  directly  connected], 
the  one  side,  with  the  Fishes  through  the  Itoiind-M< 
{^Cydoalomi),  and  thereby  to  the  series  of  higher  Vertebi 
is,  on  the  other  hand,  very  nearly  allied  to  a  lower  ii 
tebrate  sea-anitnal,  Irom  which,  at  first  sight,  it  ecems 
far  removed.  This  remarkable  animal  is  the  Sea-squ 
^scidion,  which  until  very  recently  was  rcgardvd  aa 
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nearly  related  to  the  Mussels,  and  was  therefore  classed 
with  the  Soft-bodied  Animals  {Mollusca).  But  since  1866, 
when  the  remarkable  germ-history  of  these  animals  was 
first  understood,  there  has  been  no  doubt  that  they  are 
unconnected  with  the  Soft-bodied  Animals.  On  the  con- 
trary, greatly  to  the  surprise  of  zoologists,  the  entire  mode 
of  their  individual  development  indicates  that  they  are  the 
nearest  allies  of  the  Vertebrates.  In  their  matured  con- 
dition the  Ascidians  are  shapeless  lumps,  which  at  first 
sight  certainly  do  not  look  like  animala  The  oblong  body, 
often  rough,  or  covered  with  uneven  knobs,  in  which  no 
definite  outward  organs  are  distinguishable,  adheres  firmly 
by  one  end  to  sea-weeds,  stones,  or  to  the  bottom  of  the 
ocean.  Some  species  resemble  potatoes,  others  dried  plums. 
Many  Sea-squirts  form  very  insignificant  incrustations  on 
the  surface  of  stones  and  plants.  Some  of  the  larger  kinds 
are  eaten  like  oystera  Fishermen,  who  know  them  well, 
regard  them  not  as  animals,  but  as  sea-weeds.  They  are 
frequently  oflTered  for  sale  together  with  other  low  sea- 
animals,  in  the  fish-markets  of  many  Italian  seaside  towns, 
under  the  name  of  Sea-fruit  (frutti  di  viare).  There  is 
indeed  nothing  outwardly  indicating  an  animal.  When 
they  are  drawn  from  the  sea  in  a  drag-net,  all  that  is 
noticeable  is  that  they  feebly  contract  their  bodies,  thus 
producing  a  spirting  of  water  from  certain  parta  Most  of 
the  Sea-squirts  are  very  small,  only  a  few  lines,  or  at  most 
a  few  inches  long ;  a  few  species  attain  the  length  of  a  foot 
or  rather  more.  There  are  a  great  many  species,  which  arc 
to  be  found  in  all  seas.  We  find  no  fossil  remains  of  this 
class  of  animals,  because  they  have  no  hard  parts  capable 
of  petrifaction;  but  they  are  certainly  of  very  great  an- 
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tiquity,   and    must    liava    existed   during    the    priniievi 
ages. 

The  whole  class  to  which  the  Ascidians  belong  bearstfai 
name  of  Mantle-animals  (Tunicata),  because  the  body 
enclosed  in  a  thick  and  firm  membrane,  as  in  a  mantle  or 
tunic  This  tuuio,  which  is  sometimes  soft  and  jelly-like, 
sometimes  tough  and  leather-like,  sometimes  firm  an^l 
cartilaginous,  is  distinguished  by  many  remarkable  charac- 
teristics. Probably  the  most  remarkable  of  these  is,  that  H 
consists  of  a  woody  mass  or  cellulose,  the  same  plant-cell 
material  which  forms  the  firm  .exterior  of  the  cells  erf 
plants,  the  substance  of  the  wood.  The  MantlQ-animala 
the  only  class  of  animals  which  really  possess  a  cellulosft 
covering,  a  wood-like  envelope.  -Sometimes  the  cellnloM 
tunic  ia  variegated,  at  other  times  it  is  colourleaa  Kot 
uncommonly  it  is  set  with  spines  or  hairs,  like  a  cactua 
Many  foreign  substances,  such  as  stones,  sand,  fragments  oC 
mussel-shells,  and  so  forth,  are  often  embedded  in  the  tunic 
The  Sea-squirt  has,  therefore,  received  the  name 
cosm.""' 

In  order  correctly  to  understand  the  internal  organiia< 
tion  of  the  Sea-aquirt.  and  thoroughly  to  compare  it  with  tl 
Amphioxus,  we  must  place  ourselves  in  the  same  position  tl 
it  as  to  the  latter  (Plate  XI.  Fig.  It,  on  the  left  side ; 
mouth  extremity  is  turned  upward,  the  back  to  the  rigb^ 
the  abdomen  to  the  left).  The  posterior  end,  correspondiiu 
to  the  tail  of  the  Amphioxus,  is  usually  adherent,  often  b 
means  of  root-like  processea  The  ventral  and  dorsal  eidt 
are  internally  very  different,  but  are  often  externally  ondii 
tinguishable.  On  opening  the  thick  tunic,  ia  order  lo  nob 
the  internal  organization,  we  observe  first  a  very  conudcp' 
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able  cavity,  filled  with  water;  this  in  the  gill-cavity,  or 
respiratory  cavity  (Fig,  153.  cl;  Plate  XI.  Fig.  14,  ct).  It 
is  also  called  the  mantle  or  tunic  cavity,  because  it  receives, 


FlQ.  153.— Stractnre  of  bd  Ascidiim 
(viewed  from  the  left  side,  to  in  Plate 
XII  Fig  14)  the  doiml  a  de  a  tamed 
towarda  the  nght  the  Tentral  eido  to 
mrds  the  left  the  month-open  ng  (n) 
apwardi  atthaoppos  te  ta  Icxtretn  tj 
the  ascidian  b  finulj  attnched  to  anme 
■abstBiice  below  The  g  II  ntcat  ne 
(tr),  wh  ch  IB  p  erced  by  many  open 
mga  continnes  below  Ba  the  Blumacb 
intest  ne  Tbe  large  nteet  no  opcaa 
through  the  onns  (a)  nto  the  g  II 
cavity  (c!)  from  wh  ch  the  eicrcmcnt 
la  removed  witb  the  nhaled  water 
throogh  the  month  of  the  tan  c(a)  n 
tnnio     (After  Gegenbanr) 

not  only  the  water  for  respir- 
atory puqwaes,  but  &lm  ex- 
crement and  the  sexual  pro- 
ducts. The  greater  part  of  the 
respiratory  cavity  is  occupied 
by  the  latticed  gill-sac  (hr). 
The  latter  ia  in  its  whole  posi- 
tion and  constitution  so  like 
the  giIl-bo<ly  of  the  Anipliioxu.^,  that  many  years  ago, 
before  anything  was  known  of  the  real  relationship  of  the 
two  animals,  the  English  naturalist,  Gooilsir,  called  attention 
to  this  striking  .similarity'.  In  the  Hea-squirts  also  the 
mouth-opening  (n)  leads  directly  into  this  gill-sac.  The 
wat«r  breathed  in  passes   through   the  ojieiiings   of  tlio 
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labticp^  ^'Sao  ioto  the  gill-cavity,  and  ia  removed  fro 
there  by  Uie  respiratory  pore  or  excretory  opening  (a"), 
(dliated  groove  traverses  the  ventral  side  of  the  gill-sac,  t 
Same  "hypo-branchial  groove  "  which  we  found  before  in  tJ 
Amphioxua  at  the  same  place  (Plate  XI.  Fig.  It,  y,  15,  ] 
The  food  of  the  Sea-squirt,  like  that  of  the  Ampbioxus,  eo 
fiists  of  email  organisms,  Infuaoria,  Diatoitiaccai,  parts  C 
dismembered  sea-weeds  and  sea-animals,  et«.  These  ] 
with  the  inhaled  water  into  the  giU-sac,  and  from  the  end  ( 
this  into  the  digestive  part  of  the  intestinal  canal,  firot  tat 
an  extension  answering  to  a  stomach  (Fig.  It,  my).  Tl 
small  intestine  connected  with  it  usually  forms  a  loc 
curving  around  toward  the  front,  and  opens  in  a  vent  (Fl 
153,  a),  not  directly  out,  but  lirst  into  the  gill-csvity ;  fra 
here  the  excrement  is  removed,  together  with  tim  inhale 
water  and  the  sexual  products,  through  the  common  t 
cretory  opening  (a').  The  latter  is  sometimes  called  gil 
pore,  or  respiratory  pore  {porus  branchialis),  sometimes  t] 
cloacal  opening  (Plate  XL  Fig.  149).  In  many  Sca-squirU; 
glandular  mass,  repreaenling  the  liver,  opens  into  the  iuU 
tine  (Fig.  14,  lb).  In  some,  there  is  another  gland  near  tl 
liver,  which  is  supposed  to  be  the  kidney  (Fig.  14,  u).  Tl 
real  body-cavity  {ccBloma),  which  is  filled  witli  blood  ai 
aurroimds  the  stomach,  is  very  small  in  the  Ascidian,  as 
the  Amphioxus,  and  equally  in  both  cases  is  usually  o( 
Fused  with  the  gill-cavity,  which  is  filled  with  water. 

In  the  mature  Sea-squirt  there  ia  no  trace  of  a  oo 
chord,  an  inner  bony  axis.  This  adds  interest  to  Un  li 
that  the  young  animal,  as  it  emeiges  from  the  egg,  hai 
notoehord  (Plate  X.  Fig.  5,  ctt),  above  which  lies  a  nidime 
tary  medullary  tube  (Fig.  fi,  m).    In  (he  mature  Sca-s^uii 
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QuB  tube  is  entirely  shrivelled  up,  and  forms  a  little  knot  of 
nerves  lying  near  the  front  above  the  gill-sac  (Fig.  14,  m)< 
It  answers  to  the  so-called  upper  throat-ganglion,  or  the 
"  brain  *'  of  other  Worms.  Special  organs  of  sense  are  either 
entirely  wanting,  or  exist  in  the  very  simplest  form,  as 
eye-specks  and  taste  papillae,  which  surround  the  mouth 
(Fig.  14,  au,  eyes).  The  muscular  system  is  very  feebly. 
and  irregularly  developed.  Immediately  below  the  thin 
leather-skin  {coriuTn)  with  which  it  is  intimately  connected, 
is  a  thin  pouch-shaped  muscular  membrane,  as  in  the  lower 
Worms.  On  the  other  hand,  the  Sea-squirt  has  a  cen- 
tralized heart,  and  appears  in  this  respect  to  be  more  highly 
organized  than  the  Amphioxus.  On  the  ventral  side  of 
the  intestine,  at  a  considerable  distance  behind  the  gill-sac, 
lies  a  spindle-shaped  heart  (Fig.  14,  hz).  It  permanently 
retains  that  same  simple  pouch-shaped  form  which  the 
rudimentary  heart  of  the  Vertebmte  possesses  for  a  very 
short  time.  (Of  the  heart  of  the  human  embrj^o,  Fig. 
144,  c,  p.  392.)  This  simple  heart  of  the  Ascidian,  how- 
ever, exhibits  a  remarkable  peculiarity.  It  contracts  in 
alternate  directions.  While  in  all  other  animals  the  pul- 
sation of  the  heart  takes  place  constantly  in  a  given 
direction,  usually  from  back  to  front,  in  the  Ascidians  it 
alternates  between  opposite  directions.  First,  the  heart 
contracts  in  the  direction  from  back  to  front,  then,  after 
standing  still  a  minute,  it  begins  to  pulsate  in  the  opposite 
direction,  driving  the  blood  from  front  to  back ;  thus  the 
two  gi'eat  vessels  proceeding  from  the  opposite  ends  of 
the  heart  act  alternately  as  arteries  and  veins.  This  is  a 
peculiarity  which  appears  only  in  tlie  Mantle-AniniaN 
(Tumicata). 
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Of  the  other  important  organs,  we  have  yet  to  mention 
those  of  reproduction,  which  lie  at  the  posterior  extremity 
of  the  body-cavity.  All  the  Sea-squirts  are  hermaphrodites. 
I^ch  individual  has  a  male  and  a  female  gland,  and  is  thus 
capable  of  self-fertilizatiou.  The  mature  e^s  (Fig.  154,  o') 
fall  directly  from  the  ovary  (o)  into  the  gill-cavity.  The 
male  sperm,  on  the  contrary,  is  carried  from  the  testes  (/) 
into  the  same  cavity  by  a  special  seed-duct  {vd).  Here 
impregnation  takes  place,  and  here  in  many  Sea-sqiiirts 
developed  embryos  are  found  (Plate  XI.  Fig.  14,  z).  These, 
with  the  water  that  has  been  inhaled,  are  then  thrown  out 
at  the  gill-pore  (9) ;  they  are  thus  "bom  alive." 

Many    Sea-squirts,   especially    of   the    smaller   species, 


Fig,  154.— Strnctnre  of  an  Ascidion  (obH^rrpd  from 
the  left  BiUc,  aa  in  Fig.  153,  and  Fi(,'.  11,  Table  XI.)- 
sfe,  gill-sac  ;  v,  Btotnach ;  i,  largo  ioteatinc  ;  r,  hpon : 
(.  testes  1  vd,  Bced-duct ;  o,  ovarj  i  o',  matiirud  ejnni  in 
the  giU-cavitv.  The  two  little  arrows  indicnie  iljp  en- 
ti'iknce  and  e?cit  of  tlio  water  Ihroagh  tlic  two  0]»eDinffs 
uf  the  tunic,    (.Ifter  Milne  Edwai-dd.) 


multiply,  not  bj'  sexual  reproduction,  hut 
a-sexually  by  the  formation  of  bmls.  Gn-at 
numbers  of  the  individuals  thus  pRHluce<l 
front  buds  remain  permanently  attaclieil  to 
each  other,  thu.s  forming  large  nia.ssos,  or 
comes  like  the  well-known  coral  societie.''. 
Among  these  social  or  compound  A.sci<linns. 
those  species  are  peculiarly  int^restinjj  in 
■which  the  mass  seems  to  Iw  Ix'auti fully 
combined  of  many  star-shaped  groups.  Ea<-h 
fitur-shaiM'd  group  consists  of  a  larger  or 
smaller  number  of  individuals,  of  which  every  one  possesses 
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its  independent  organization  and  its  own  mouth-opening.  All 
the  individuals  together  have,  however,  but  a  single  common 
gill-pore,  which  is  situated  at  the  central  point  of  the  star- 
shaped  group.  These  star-shaped  compound  ascidian  groups 
{BotryUvs,  Polyclinum,  etc)  throw  much  light  on  the 
Phylogeny  of  one  of  the  most  remarkable  races  of  animals, 
the  Star-animals  {Echinoderma),  The  parent-forms  of 
these  are  the  Star-fish,  or  Asterids,  which  are,  like  the 
compound  Ascidians,  star-shaped  societies  formed  of  Worms 
connected  by  a  common  central  intestinal  opening.*" 

If  we  now  once  more  glance  back  at  the  entire  organiza- 
tion of  the  simple  Ascidians,  Sea-squirts  {Phallvma,  Cyn- 
thia, etc.),  and  compare  it  with  that  of  the  Amphioxus,  we 
find  that  the  two  present  few  points  of  resemblance.  The 
developed  Ascidian  is  indeed  like  the  Amphioxus  in  some 
important  points  of  internal  stiiicture,  especially  in  the 
peculiar  construction  of  the  gill-sac  and  intestine.  But 
it  seems  so  far  removed  in  most  other  particulars  of  its 
organization,  and  is  so  dissimilar  in  outward  appearance, 
that  the  very  near  relationship  of  the  two  organisms  Is  only 
revealed  by  study  of  their  germ-histories.  We  will  now 
consider  and  compare  the  individual  development  of  the 
two  animals,  and  shall  in  this  way  find,  to  our  great  sur- 
piise,  that  the  same  embryonic  animal  form  develops  from 
the  egg  of  the  Amphioxus  as  from  the  egg  of  the  Ascidian. 


EXPLAXATIOX  OF  PLATES  X  AND  XL 
PtAxm   X. — Gcui-BisTosT    of    tbs    Ascidiah   akd  of   tbx  Ampbtoxvc. 

(PkIXCIFAIXT  ACCOKDI3CG  TO  KOWALXTSKT.) 

Ft«i.  1-€L  ^Gczm-liisiDrT  of  an  Asodimn. 

Fia.  1. — A  pmBt-ceQ  {cytula)  of  an  Ascidimn.  In  ibe  brigfat-colonred 
pw^ccpliksm  of  the  parent-ceU  lies  eccentricall/  a  bright  spherical  kernel 
^c:i jlci*'^ .  and  ia  the  latter  a  darker  nacleolns. 

Fl  J.  2. — Aa  Ajscidfan  egg  in  the  process  of  cleavage.  The  parent-cell 
hA5  si.viied  bj  recvAted  bisection  into  four  similar  cells. 

F:g.  3. — Me-^branecus  germ-vesicle  of  an  Ascidian  {BlastuJa).  The  cell> 
r\<ul::::g:  frvzi  il;e  cleova^  of  the  egg  form  a  spherical  bladder  filled  with 
du.id.  the  wall  of  which  consists  of  a  single  layer  of  cells.    (Cf.  Fijir. 22,  F, G) 

Fig.  "k— ^Gas:r:ila  of  the  Ascidian  resnltiag  from  the  blastala  (Fig.  3) 
bv  inversion  ^iciva^. nation).  The  wall  of  the  primitive  intestine  (rf),  which 
Oldens  at  o  by  ;he  primitive  month,  consists  of  two  layers  of  cells  ;  the  inner 
intostinai  Uyer  fcraic^i  of  larger  cells,  and  the  ooter  skin-layer,  of  smaller. 

Fio.S. — Larva  of  the  Asci.lian  swimming  freely.  Between  the  medullary 
tulv  [^'•')  and  the  intestinal  tube  (d)  the  notochord  is  inserted  (cA),  which 
(vas«es  thrvQ^l.out  the  long  ruddei^Lke  tail  to  its  point. 

Fig.  6, — Transverse  section  through  a  larval  Ascidian  (Fig.  5),  thrcaph 
the  posterior  part  of  the  trunk  just  in  front  of  the  beginning  of  the  tail- 
The  section  is  just  the  same  as  that  of  the  Amphioxus  larva  (Fig.  11,  12). 
Botweon  the  moviu'.l:iry  tube  ('n)  and  the  intestinal  tube  (d)  lies  the  noto- 
chord [^ch)  ;  on  boih  sides  are  the  lateral  muscles  of  the  trunk  (r). 

Fig.  7-13. — Germ-hittory  of  the  Amphioxus. 

Fig.  7. — Paren:-coll  (--yhWo)  of  the  Amphioxus.     (Cf.  Fig.  1.) 

Fig.  S, — An  amphioxus-egfr  in  the  process  of  cleavage.     (Cf.  Fig.  2), 

Fig.  9.— Blastula  of  the  Amphioxus.     (Cf.  Fig.  3.) 

Fig.  10.— Gastrula  of  the  Amphioxus.     (Cf.  Fig.  4^) 

Fio.  11. — Young  larva  of  the  Amphioxus.  The  notochord  (ch)  lief 
between  the  medullary  tube  C^)  and  the  intestinal  tnbe  (d).  The  medull;ir> 
tube  has  an  openin;;  at  the  anterior  extremity  of  the  body  (ma). 
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Fig.  12. — An  older  larva  of  the  AmpbioxoB.  On  both  sides  of  the 
modallary  tube  (m)  and  of  the  notochord  (ch)  a  longitadinal  row  of  mnscle* 
plates  (tnjp)  is  yisible ;  these  mark  the  embrjonio  vertebi'as,  or  metamera. 
An  organ  of  sense  has  developed  in  front  (ss).  The  wall  of  the  intestine 
(d)  is  mnch  thicker  below  on  the  ventral  side  (du)  than  above  on  the  dorsal 
side  (cto).  The  anteiior  part  of  the  intestinal  canal  widens  into  the  gill- 
bod/. 

Fio.  13. — Transverse  section  throngh  a  developed  Amphiozns  (Fig.  15) 
a  little  behind  the  centre  of  the  bod/.  Above  the  intestinal  tube  (d)  is  the 
dorsal  blood-vessel,  or  main  artery  (t),  and  below  it  the  ventral  blood-vessel, 
or  the  intestinal  vein  (v).  At  the  inner  wall  of  the  gilUcavity  (c)  lie  the 
ovaries  (e),  and  oatside  these  the  side  canals  (tt).  The  dorsal  muscles  (r) 
are  divided  into  several  parts  by  iuter-mnscolar  ligaments  (mb)  $  f,  dorsal 
fin. 

Plate  XL— Stsucturb  or  the  Ascidian,  of  the  Amphioxus,  Ain>  of  the 

Larva  of  the  Petbomyzon. 

For  the  sake  of  comparison,  all  the  three  animals  are  placed  in  the  same 
position  and  are  represented  of  the  same  size.  The  view  is  from  the  left 
side.  The  head  extremity  is  tnmed  upward,  the  tail  downward ;  the  dorsal 
side  to  the  right,  the  ventral  side  to  the  left.  The  enveloping  membrane  is 
removed  from  the  left  side  of  the  body,  to  show  the  inner  organization  with 
the  org^s  in  their  natural  position. 

Fio.  14. — A  simple  Ascidian  {Monascidia)^  magnified  six  times. 

Fio.  15. — A  developed  Ampbioxns  (magnified  four  times). 

For  the  sake  of  giving  a  more  distinct  view^  the  Amphioxus  in  Fig.  15  is 
drawn  about  twice  its  actual  bi-eadth.  In  reality,  its  breadth  amounts  to 
but  half  of  the  length  as  represented  here. 

Fio.  16. — ^Young  larva  of  a  lamprey  {Petromyzon  Planeri),  eleven  days 
after  emerging  from  the  egg,  magnified  45  times.  (After  Max  Schnltze.) 
The  larra  of  the  lamprey,  which  undergoes  a  peculiar  transformation  at  a 
later  period,  was  formerly  considered  as  a  d!^(tinct  ppecics  under  the  name  of 
Ammoaetcs. 

The  meaning  of  the  letters  is  the  pame  in  all  the  figiiios. 


ALPHABETICAL  EXPLANATION 
Of  the  Meaning  of  the  Letters  in  Plates  X.  and  XL 


au, 

ch, 

cl, 

««> 
d, 
do, 
du, 

•» 

en, 

/. 
9* 

K 

kd, 

hk, 

hZf 

hh 
h 

Ih', 

Iv, 
m, 


annii 
uye 

ventral  mnsolei 

gill- cavity 

notochord  (spinal  axis) 

oloacal  cavity 

notochord  sheath 

intestinal  tabe 

dorsal  wall  of  the  intestine 

ventral     »        »        „ 

ovary 

endostylo 

fin-scam 

ear-vesicle 

hom-plato 

testes 

▼enticlu 

anricle 

heart 

gills 

gill-artory 

leathcr-plato 

liver 

anterior  end  of  the  livor 

liver  vein 

medullary  tnbo 

brain-bladder 


m,,  spinal  marrow 

ma,  anterior  opening  of  the  modal 

lary  tnbe 
nib,  muscular  ligamente 
mg,  stomach 
mh,  mouth-cavitj 
mp,  mnscle- plate 
mt,  mantle 
n,    nose  (nose.pit) 
0,     month -opening 

ventral  pore 

cloacal  opening 

dorsal  mnsclee 

tail-fins 
bI,   aeed-dnct 

§m,  opening  of  the  seed-daci 
Mt,   organ  of  sense 
t,     aorta  (dorsal  blood-vessel) 
th,  thyroid  gland 
u,    Bide  canals 
V,    intestinal    vein    (ventral    blood. 

vessel) 
w,    root-fibres  of  the  ascidian. 
e,     boundary  between  the  gill.intes- 
tine  and  the  stomach.intestiuc 
y,    hypo-branchial  groove 
0,    emlHryoe  of  the  ascidian 


HABC>»L-«  >vo<.orm»  or  »M>.  FIATS  J 

Ontcjijesv  of  the  Ascidian  (1-6)  ANDOF  THE  .\MPmoxos(;-i^ 


CHAPTER  XIV. 

GERM-HISTORY  OP  THE  AMPHI0XU8  AND  OF  THE 

ASCmiAN. 

Bolationship  of  the  Vertebrates  and  Invertebrates. — Fertilization  of  the 
Amphioxns. — The  Egg  undergoes  Total  Cleavage,  and  changes  into  n 
Spherical  Germ-membrane  Vesicle  (Blastula),— From  this  the  Intes- 
tinal Larva,  or  Gastmla,  originates  by  Inversion. — The  Gasirula  of  the 
Amphioxns  forms  a  Mcdnllary  Tnbe  from  a  Dorsal  Fnrrow,  and 
between  this  and  the  Intestinal  Tnbe,  a  Notochord :  on  both  Sides  the 
latter  is  a  Series  of  Mnsclo- plates;  the  Metamera. — Fate  of  the 
Four  Secondary  Germ-layers. — The  Intestinal  Canal  divides  into  an 
Anterior  Gill-intestine,  and  a  Postterior  Stomach-intestine. — Blood- 
vessels and  an  Intestinal-mnscle  Wall  originate  from  the  Intestinal, 
fibrons  Layer. — A  Pair  of  Skin  folds  (Gill-roofs)  grow  ont  from  the 
Side-wall  of  the  Body,  and,  by  Coalescence,  form  the  Ventral  Side  of 
the  Larg^  Gill-cavity. — The  Ontogeny  of  the  Asoidian  is,  at  first,  iden- 
tical with  that  of  the  Amphioxns. — ^The  same  Gastrala  is  Developed, 
which  forms  a  Notochord  between  the  Medullary  and  Intestinal  Tubes. 
—  Retrogressive  Development  of  the  same. — The  Tail  with  the  Notochord 
is  shed. — The  Asoidian  attaches  itself  firmly,  and  envelopes  itself  in 
its  Cellulose  Tunic. — ^Append icularia,  a  Tunicate  which  remains  through. 
out  Life  in  the  Stage  of  the  Larval  Asoidian  and  retains  the  Tail-fin 
with  the  Chorda  (Chordonia). — General  Comparison  and  Significance  of 
the  Amphioxus  and  the  Asoidian. 

**  In  the  formation  of  its  most  important  organs,  the  Amphioxns  remains 
thronghout  life  at  that  lowest  stage  of  development,  which  all  other  Verte- 
brate! pass  rapidly  through  during  the  earliest  period  of  their  embryonic 
existence.  We  must  therefore  regard  the  Amphioxus  with  peculiar  re?erence 
in  that  animal,  which  among  all  existing  creatures  is  the  one  alone  capable 
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of  giving  us  an  approximate  idea  of  our  oldest  Silurian  vertebrate  ancetton. 
But  the  lattor  are  descended  from  Worms,  the  nearest  blood-relatiTes  d 
which  arc  the  Ascidians  of  the  present  daj.*' — The  Pedigree  of  the  Humam 
Itajce  (1868). 

The  peculiarities  in  the  structure  of  the  body,  which  dis- 
tinguish Vertebrates  from  Invertebrates,  are  so  striking, 
that  the  relationship  of  these  two  main  groups  of  the  animal 
kingdom  formerly  threw  great  difficulties  in  the  way  of 
systematic  classification.  When,  in  accordance  with  the 
Theory  of  Descent,  the  relationship  of  the  various  groups 
of  animals  began  to  be  regarded  as  not  figurative,  but  as 
really  genealogical,  this  question  came  to  the  front,  and 
seemed  to  ofier  one  of  the  greatest  obstacles  to  the  success 
of  the  theory.  Even  at  an  earlier  period,  when  without  this 
fundamental  thought  of  the  true  genealogical  connection 
of  the  relationships  between  the  great  main  groups  of  the 
animal  kingdom,  the  so-called  "types"  of  Baer  and  Cuvier 
were  studied,  investigators  believed  they  had  found,  here 
and  there  among  Invertebrates,  points  connecting  these 
with  Vertebrates ;  some  single  species  of  Worms,  in  par- 
ticular, appeared  to  approximate  in  the  structure  of  their 
bodies  to  the  Vertebrates ;  as,  for  example,  the  oceanic  Arrow- 
worm  (Sajltta).  But  the  attempted  analogy  was  sho>\Ti, 
by  closer  investigation,  to  be  untenable.  After  Darwin 
gave  an  impulse  to  a  true  tribal  history  of  the  animal 
kingdom,  by  his  reform  of  the  Theor}'-  of  Descent,  this  verj^ 
relation  seemed  to  otier  one  of  the  greatest  difficulties. 
When,  in  18GG,  I  attempted,  in  my  Generelle  Morpholoijle, 
to  carry  out  the  Theory  of  Descent  in  detail,  and  to  apply 
it  to  the  natural  system,  no  part  of  my  task  demanded 
more  care  than  the  connection  of  the  Vertebrates  with  tlic 
Invertebrates. 
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But  just  at  this  time  the  true  connection  was  discovered 
in  an  entirely  unhoped-for  and  most  unexpected  quarter. 
Toward  the  end  of  the  year  1866,  among  the  treatises 
of  the  St.  Petersburg  academy,  two  works  appeared  by 
the  Russian  zoologist,  Kowalevsky,  who  had  spent  a  long 
time  at  Naples,  and  had  occupied  himself  in  studying  the 
individual  evolution  of  some  of  the  lower  animals.  A  fortu- 
nate accident  had  led  Kowalevsky  to  study  almost  simul- 
taneously the  individual  evolution  of  the  lowest  Vertebrate, 
the  Amphioxus,  and  that  of  an  Invertebrate,  the  direct 
relationship  of  which  to  the  Amphioxus  had  not  been  even 
guessed,  namely,  the  Ascidian.  Greatly  to  the  surprise  of 
Darwin  himself,  and  of  all  zoologists  interested  in  that 
important  subject,  there  appeared,  from  the  very  commence- 
ment of  their  individual  development,  the  greatest  identity 
in  the  structure  of  the  bodies  of  those  two  wholly  different 
animals, — ^between  the  lowest  Vertebrate,  the  Amphioxus, 
on  the  one  hand,  and  that  misshapen  lump  adhering  to 
the  bottom  of  the  sea,  the  Sea-squirt,  or  Ascidian,  on  the 
other  hand.  In  this  undeniable  ontogenetic  agreement,  the 
existence  of  which,  in  an  astonishing  degree,  can  be  proved, 
the  long-sought  genealogical  link  was,  of  course,  directly 
found,  according  to  the  fundamental  law  of  Biogeny,  and 
that  gix)up  of  Invertebrates,  which  is  most  nearly  allied  to 
the  Vert:)brates,  was  clearly  recognized.  There  can  be  no 
longer  any  doubt,  especially  since  Kupffer  and  several  other 
zoologists  have  confirmed  and  continued  these  investiga- 
tions, that  of  all  classes  of  Invertebrates,  the  Mantle-animals 
{Tunicata),  and  of  the  latter,  the  Ascidians,  are  most  nearly 
allied  to  the  Vertebrates.  We  cannot  say  the  Vertebrates 
are  descended  from  the  Ascidians ;  but  we  may  safely  assert, 


:  THE   EVOLUnON   OF  UlN. 

that  of  oil  Invertebrates,  the  Mantle -aDimals,  and  oinoE 
the  latter  the  Ascidians,  are  the  nearest  blood-relations  I 
the  primeval  parent-fonn  of  Vertebrates.  An  extinct  spocii 
of  the  very  varied  Worm  trilic  must  be  assumed  as  Uii 
COminoE  parent-form  of  both  groups. 

In  order  fully  to  appreciate  this  extraordinarily  in 
portant  circumstance,  and  especially  in  order  to  gain  a  secure 
basis  for  the  desired  genealogical  tree  of  Vertebrates,  it  is  ii 
dispensable  to  note  minutely  the  germ-history  of  these  tv 
remarkable  animals,  and  to  compare  the  individual  dcvelo; 
raent  of  the  Amphioxus  stage  by  stage  with  that  of  tin 
Ascidian.     (Cf.  Plate  X,  and  p.  436,)     We  wiU  Iwgin  wil 
the   Ontogeny   of  the   Amphioxua   (Plate  X.  Figs.  7-12), 
Kowalevsky  had  already  spent  several  months  in  Napli 
with  the  express  intention  of  studying  the  wliolly  unknon 
germ-hiatory   of  the  Amphioxus,  before   he   succeeded  in 
observing  the  mature  eggs  in  the  first  stages  of  developmenti 
He  says  that  the  Lancelet  begins  to  deposit  its  sexual  produi 
in  the  month  of  Hay,  in  the  warm  evening  hours,  bet«e 
seven  and  eight  o'clock.""     He  noticed  that  at  this  tim^ 
the  male  animal  first  ejected  a  whitish  fluid,  the  sperm,  oni 
that,  somewhat  later,  the  female,  attracted  by  the  8[ieri]l 
also  deposited  its  eggs  in  the  water. 

According  to  other  observers  the  deposit  of  the 
products  is  said  to  take  place  through  the  g^-pore 
bTanchialis).  The  e^s  are  simple  roundish  colla  The; 
have  a  diameter  of  only  ^  of  a  millimetre,  are,  therefor 
only  half  as  large  as  mammalian  eggs,  and  offer  no  specii 
peculiarities  (Piato  X.  Fig.  7).  The  active  elcmentar 
bodies  of  the  male  seed,  the  pin-shaped  "seed-animals,"  < 
sperm-cells,  all  resemble  those  of  most  other  animals.     (GC 
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Fig.  17.  p.  173.)  Fertilization  is  accomplished  in  tliis  way : 
the  moving  whip-cells  of  the  sperm  approach  the  egg,  and 
with  their  head-portion,  that  is,  the  thickened  portion  of 
the  cell  which  encloses  the  nucleus,  they  force  their  way 
into  the  yelk-mass  or  cell-substance  of  the  egg. 

Either  before  or  immediately  after  fertilization,  the  egg- 
cell  loses  its  original  kernel,  and  appears  for  a  time  in  the 
form  of  a  kernel-less  cytod,  as  a  monerula.  (Cf.  Fig.  19,  p.  179.) 
A  new  kernel  soon,  however,  originates  in  the  impregnated 
yelk;  this  is  the  parent-kernel,  and  the  monerula  thus  changes 
into  the  parent-cell  (cytula,  Fig.  21,  p.  181.)  This  now 
undergoes  a  regular  and  total  cleavage,  the  details  of  which 
in  a  coral  {Monoxenia)  we  have  described  in  detail  (cf.  Fig. 
22).  The  repeated  bisection  of  the  parent-cell  into  2,  4,  8, 
16,  32,  64  cells  and  so  on,  gives  rise  to  the  globular,  black- 
beiTy  or  Diulberry-shaped  body  which  we  called  the  '*  mul- 
hp>rry-germ*'  (vioruUi,  Fig.  22,  JS).  Fluid  collects  in  the 
interior  of  this  globular  mass,  composed  entirely  of  one  sort 
of  cleavage-cells,  and  the  result  is  the  formation  of  a  spheri- 
cal vesicle,  the  wall  of  which  is  composed  of  a  single  layer 
of  cells  (Plate  X.  Fig.  9).  We  called  this  vesicle  the  mem- 
branous germ- vesicle  (blastula).  Its  contents  form  a  clear 
fluid ;  the  wall,  which  consists  of  a  single  layer  of  cells,  is 
the  germ-membrane,  or  blastoderma  (Fig.  22,  F,  G), 

These  processes  take  place  so  rapidly  in  the  Amphioxua 
that  in  from  four  to  five  hours  after  impregnation,  that  is, 
about  midnight,  the  spherical  blastula  is  complete.  On  one 
side  of  the  latter  appears  a  groove-like  depression,  by  which 
the  vesicle  is  turned  into  itself  (Fig.  22,  H,  p.  190).  This 
furrow  grows  constantly  deeper,  while  the  spherical  form  of 
the  vesicle  changes  into  an  oval  or  ellipsoid  shape  (Fig.  165). 

SI 
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At  last,  the  inversion  ie  complete,  so  that  the  itrner  part  j 
the  wall,  tliat  which  lias  been  inverted,  lies  on  the  inside  4 
the    outer,  the   nninvertfd   part.     In  this  way  an  alni 
hemisiihcrical  hollow  boily  is  f'onned,  the  thin  wall  of  w 
is  eomjjosed  of  two  layers  of  cells.     The  hemispherical  for 
soon  a^in  changes  into  an  almost  spherical  or  oval  sh^ 
in  consequence  of  the  inner  cavity  becoming  consider 
enlarged,  while   its   ojwning   becomes   narrower   (Plate  ', 
Fig.  10).     The  form  which  the  embiyo  of  the  Amphio 
has  now  attained  in  this  way  is  a  true  Gastnila  or  in 
tinal   lar%-a ;    is   indeed   a  gastrula    of   that   original 
Bimi)Icat  form  which  we  have  already  distinguished  as  t 
Bell-gaatrula  or  Archigaalrula  (]>.  191,  Fig.  22, 1,  K). 

FiQ.  IBS.— QiiBlrnlii  of  An|>hr 
oian,  in  Iiingfiluilinal  M<i.-tii>n :  i, 
primitivo  iuteslmo  1  ",  ]ir 
moatb  :  t,  intcsliiial  lajer,  <i 
(lerm;  f,  RldD-Injei,  dt  irznd 

^^^L  [^hr7  J  r^^  As  in  all    those  '. 

^^^^1  Ml-^  t^Jwl        organ  iz«.Hl    animals 

^^^^L  Wl^L  '  ^iM        ^'^''"'  ^  pt-imitive  \ 

^^^^H  ^^^^V  X^^^W^  tnila  of  this  sort,  the  I 

^^^^P      ^^^^^  x^^^^  "^  *'^^   Aniptiioxus. 

^^^H  N^SS®  ^^>^  has  but  one  axis,  is  mei 

r  a  simple  intestinal  ] 

I  the  inner  cavity  of  this  is  the  primitive  intestine  ( 

I  g/rnter)  (Fig.  155,  'I.  Fig.  15G,  g) ;  its  simple  opening  u  | 

I  primitive   mouth   (protoatovia,   o).      The   wall   is   at  * 

I  the  intestinal  wall  and  the  body-wall.     It  is  compc 

I  two  coil-strata,  of  the  two  well-known  primary  genu-Ujrj 

B  The  inner  stratum,  or  the  inverted  portion  of  the  ht^MlM 
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which  imnieiliately  surrounds  the  intestinal  canty,  is  the 
entoderm,  the  inner  or  vegetative  germ-layer,  from  which 
are  developed  the  wall  gf  the  int&stinal  canal  and  all  its 
appendages  (Fig.  J55,  15G,  i).  The  outer  cell-stratum,  the 
part  of  the  blastula  uut  inverted,  is  the  exoderin,  the  outer 
or  animal  genn-layer.  which  furnishes  the  rudiment  of  the 
Iwxiy-wall,  the  skin,  the  flesh,  the  central  nervous  eyatem, 
etc,  («).  The  cells  of  the  inner  stratum,  or  entodemi,  are 
considerably  larger,  duller,  darker,  and  more  adijKisc  than 
those  of  the  outer  stratum,  or  exoderm,  which  are  clearer, 
hrighter,  and  less  rich  in  fatty  particles.  Thus,  even  during 
the  process  of  inversion,  a  dilTerentiation  takes  place  between 
tlie  iimer  inverted  stratum  and  the  outer  uninvorted.  The 
cells  of  the  outer  layer  are  soon  covered  with  fine  bright 
hwrs;  fine,  short,  tbreail-like  ap)R-ndages,  grow  from  the 
protoplasni,  which   keep  up  a   constant  vibratcjry  motion. 
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By  the  motions  of  these  delicate  vibratory  hairs,  the  g*atr 
of  the  Atnphioxua,  like  that  of  many  other  animals  of  1 
in'ganization,  after  it  has  broken  through  the  egg-coveria| 
rutates  and  swims  in  the  ocean  (Fig.  156). 

In  the  course  of  further  development  the  roundish  I 
gfiiiti'ula  of  the  Amphiosus  leogthens,  and  at  the  same  t 
it  becomes  rather  flatter  on  one  side  parallel  to  the  loi 
tuclinal  axis.     The  flattened  side  is  afterwards  the  dora 
eide ;  the  opposite  ventral  side  remains  roundly  arched, 
the  middle  of  the  dorsal  surface  appears  a  slialluw  lonj 
tudinal  furrow  or  channel  (Fig.  157),  and  on  each  side  i 
tliia  channel  the  surface  of  the  body  rises  in  the  shape  i 
two    parallel   ridges    or    longitudinal  swellings.      I  net 
hardly  say,  that  tliis  channel  is  tlie  primitive  groove,  4 
dfjrsal    furrow,   and   that   these   swellings  are   the  don 
swellings  or  spinal  swellings  which  form  the  first  rudiment^ 
of  the  centi-al  nervous  system,  the  meJuUaiy  Ui^x.     Thcst' 
two  swellings  grow  higher  and  higher ;  the  groove  becomi* 
deeper  and  dee]>er.    The  edges  of  the  two  parallel  awel 
incline  towards  each  other,  and  finally  coalesce,  and  tbi 
the  medullary  tube  is  completed  (Plate  X.  Fig,  11,  m). 
formation  of  the  medullary  tube  from  the  outer  skin  L 
place,  therefore,  on  the  naked  dorsal  surface  of  the  independ< 
Auiphioxus  larva  in  exactly  the  same  way  as  in  the  etnbi 
of  Man  and  of  other  Vertebrates  witljin  the  egg-cnvelot 
In  both  cases,  als'i,  the  uerve-tube  finally  separates  enlird 
from  the  homy  plate.     The  fact  is  pei:uliar,  that  at  i 
end  of  tlie  liody  which  afterwards  is  to  bo  the  anterior  I 
mouth  end  of  the  Amphioxus,  the  medullary  tube  remaM 
open  at  first,  and  has  an  external  opening  (Fig.  11,  ma).   \ 

Even  at  the  time  when  the  first  trace  of  the  donal  fktn 
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appears,  the  two  primary  germ-layers  of  the  Amphioxus 
larva  split  up  into  the  four  secondary  germ-layers  (Fig.  157, 
transverse  section).  Round  the  inner  vegetative  layer  of 
the  intestinal  tube  there  arises,  in  consequence  of  a  fission 
of  the  cells  of  the  latter,  a  second  external  cell-stratum,  the 


Fio.  15V. — Transverse  section  through 
a  larval  Amphioxns  (after  Kowalevsky) : 
hs,  Hkin-sensory  layer;  /im,  ekin-fibrons 
layer;  c,  ccelom-fissore  (rndimentary 
body-cavity) ;  d/,  intestinal-fibrous  layer; 
dd,  intestinal  glandular  layer;  a,  primi- 
tive intestine  (primitive  intestinal  cavity). 
Above,  the  dorsal  furrow  is  seen  between 
the  two  dorsal  swellings. 


intestinal-fibrous  layer  (df) ;  from  this  originate  the 
muscles  and  the  fibrous  membranes  of  the  intestinal  tube, 
and  the  blood-vessels.  The  original  inner  cell-stratum 
must  now  be  called  the  intestinal-glandular  layer  {dd). 
Analogously,  the  outer  animal  germ-layer  falls,  in  con- 
sequence of  a  fission  in  its  cells,  into  two  strata,  an  outer 
skin-sensory  layer  (hs)  and  an  inner  skin-fibrous  layer  (hvi). 
The  former  gives  rise  to  the  outer  skin  {eindei^iiii)  and  the 
medullary  tube ;  the  latter  to  the  leather-skin  (ccn'^iuTn) 
and  the  trunk-muscles.  A  space  forms  between  the  skin- 
fibrous  layer  and  the  intestinal-fibrous  layer,  in  which  a 
colourless  li(iuid  collects,  thus  forming  the  body-cavity 
(cceloina,  c).  It  is  a  fact  of  great  moment  for  the  germ- 
layer  theory  that,  here  in  the  Amphioxus,  the  origin  of  the 
skin-fibrous  layer  from  the  animal,  and  that  of  the  intestinal- 
fibrous  layer  from  the  vegetative  gemi-layer  is  plainly 
demonstrable. 

As  soon  as  the  four  secondary  germ-layers  have  formed 
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a  cylindi'ical  cord,  pointed  at  botli  ends,  and  composed  cf 
large,  liglit-co loured  vesicular  cells,  appears  in  tlie  middle 
lioe  of  the  skin-fibroua  layer,  directly  over  the  intestti 
tube  {d)  and  below  the  nerve-tube  (m),  (and  thcrefc 
along  the  long  axis  of  the  body).  This  is  tlie  c/iorda' 
dorsaXia,  or  notochord  (Plate  X.  Fig.  11, 12.  tA).  Tlie  lalvnil 
portions  of  the  skin-fibrona  layer,  which  lie  on  both  aides 
of  the  notochord,  and  which  we  may  in  this  case  also  call 
"  side-layers,"  or  "  side-plates,"  split  into  two  strata,  a  thiu 
leattier-skia  {ayrium.)  and  an  underlying  mut^e-plate^ 
The  latter  soon  breaks  up  into  a  number  of  homugeneoas 
uections,  lying  one  behind  another.  These  are  the  side 
muscles  of  the  trunk,  which  indicate  the  first  articulatiou 
or  metameric  structure  of  the  body  (Fig.  12,  mp). 

Cy  these  separations  the  gastrula  of  the  Amphioxoa  bWi 
changed  into  a  vertebrate  body  of  the  simplest  form,  with' 
the  charactf'ristic  disposition  of  the  fundamental  organt 
which  belongs  exclusively  to  Vertebrates.  Directly  below  the 
skin  we  find,  at  the  dorsal  side  of  the  medullary  tube,  ou  the 
ventral  side  of  the  intestinal  tube,  and  between  the  two 
lubes,  the  film  axis  of  the  body,  the  notochord ;  and,  on 
either  side  of  thin,  the  regular  series  of  muscle-plates.  Ui 
we  now  look  at  the  larva  of  the  Amphioxiia  from  one  sidfti 
(Plate  X,  Fig.  11,  12),  we  see  that  on  the  top  lies  the 
medullary  tube,  still  open  anteriorly  (jim);  directly  uiiduT 
tliia  lies  the  strong  notochord  (ch),  and  under  tliis  tlic 
much  broader  intestinal  tube  {d).  The  latter  also  has  au 
opeoing  at  one  end,  the  original  mouth  of  the  gaittrula  (o). 
It  is,  however,  a  very  singular  and  important  fact  that  this 
primitive  mouth  does  not  afterwaixls  become  the  permanent' 
mouth-opening  of  the  Ampliioxua    On  the  conUmry, 
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doses.  The  future  permanent  mouth  is  foimed  only  second- 
wily,  from  the  outside,  and  at  the  opposite  end  of  the  body 
(near  88,  Fig.  12).  At  this  point,  a  groove-like  depression 
originates  in  the  outer  skin  {epidermis),  and  this  grows 
inwards  and  breaks  a  way  through  into  the  closed  intestine. 
Similarly,  the  anal  opening  forms  behind  (in  the  neighbour- 
hood of  the  closed  gastrula-mouth).  We  saw  that  in  Man 
and  in  all  higher  Vertebrates  mouth  and  anus  originate 
as  shallow  grooves  in  the  outer  skin ;  and  that  these  also 
break  through  inwards,  thus  gradually  communicating  with 
both  blind  ends  of  the  intestinal  tube.    (Cf  p.  338.) 

Between  the  intestinal  and  the  nerve  tubes  we  find  the 
notochord  as  a  cartilaginous  cylindrical  rod,  traversing 
the  entire  length  of  the  larval  body.  On  each  side  of  the 
notochord  lie  the  musde-plates,  already  broken  up  into 
a  number  of  separate  pieces,  or  primitive  veiicbral  seg- 
ments (10  to  20  on  each  side) ;  these  are  separated  from 
each  other  by  simple  oblique,  parallel  lines  of  demar- 
cation. In  the  fully-formed  animal  each  of  these  divid- 
ing lines  describes  an  acute  angle  forwards  (Plate  XL  Fig. 
15,  r).  The  number  of  separate  muscle-plates  indicates 
the  number  of  metamei'a  of  which  the  body  consista  At 
first  this  number  is  small,  but  it  afterwards  increases 
considerably  in  the  direction  from  fix)nt  to  rear.  This 
is  owing  to  that  same  terminal  budding  in  virtue  of 
which  the  chain  of  primitive  vertebral  segments  grows 
in  the  human  embryo.  Here,  too,  the  foremost  metamera 
are  the  oldest,  and  the  terminal  ones  the  most  recent.  To 
each  metameron  corresponds  a  definite  segment  of  the 
medullary  tube  and  a  pair  of  spinal  nerves,  which  pass  from 
it  out  to  the  muscles  and  to  the  skin.     Of  all  the  organic 
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systems  of  the  body,  it  is  in  the  muscle-system  that  arti- 
eulation  first  appears.^** 

While  these  characteristic  difierentiations  are  taking 
place  in  the  two  lamellae  of  the  animal  germ-layer — ^^,'hile 
the  medullary  tube  and  the  outer  skin  {epideTrmis)  are 
separating  from  the  skin-sensory  layer,  and  the  notochord 
and  the  muscle-plates  from  the  skin-fibrous  layer,  equally 
important  processes,  characteristic  of  the  vertebrate  type, 
are  taking  place  in  the  vegetative  germ-laj'er.  The  inner 
lamella  of  this — the  intestinal-glandular  layer — undergoes 
but  few  modifications;  it  produces  only  the  internal  cell- 
coating,  or  epithelium  of  the  intestinal  tube  (d).  But  the 
outer  lamella,  the  intestinal-fibrous  layer,  produces  both 
the  muscular  covering  of  the  intestine  and  the  blood- 
vessels. Probably  simultaneously,  two  main  vessels  ori- 
ginate from  this  layer :  an  upper,  or  dorsal  vcc^sel,  corre- 
sponding to  the  aorta,  situate  between  the  intestine  and  the 
chorda  dorsalis  (Figs.  13,  ty  15,  t) ;  and  a  lower,  or  ventral 
vessel,  answering  to  the  heart  and  the  intestinal  vein,  on 
the  lower  edge  of  the  intestine,  and  between  it  and  tlio 
ventral  skin  (Figs.  13,  v,  15,  v).  Moreover,  at  this  time 
the  gills,  or  respiratory  organs,  also  develop  in  the  anterior 
poition  of  the  intestinal  canal  The  whole  anterior  or 
respiratory  section  of  the  intestine  changes  into  a  gill-body, 
which  is  pierced  by  numerous  openings,  so  that  it  resemblea 
a  lattice-work,  as  in  Ascidia.  The  cause  of  this  is  that  the 
ibremost  portion  of  tlie  intestinal  wall  adheres  in  places 
to  the  external  skin,  and  that,  at  these  points  of  adhesion, 
openings  form  in  the  wall  and  extend  from  outside  into 
the  intestine.  At  lirst  these  gill-openings  are  but  very  few, 
but  soon  they  are  numerous,  a[)peariug  fii-st  in  one  row 
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then  in  two  rows,  one  behind  the  other.  The  foremost 
gill-opening  is  the  oldest.  Finally,  a  lattice-work  of  line 
gill-openings  appears  on  each  side. 

We  must  call  special  attention  to  the  fact  tliat  at  first, 
m  the  embryo  of  the  Amphioxns,  as  in  that  of  all  other 
Vertebrates,  the  side  wall  of  the  neck  is  perforated  in  such  a 
way  by  openings,  that  there  is  an  open  passage  through  the 
latter  from  the  external  skin  into  the  anterior  intestine 
(Fig.  158,  K),  The  inhaled  water,  which  is  taken  in  to  the 
gill-intestine  through  the  mouth,  passes  out  directly  through 
the  gill-openings.  While  the  number  of  these  gill-openings 
is  increasing  very  rapidly,  over  the  upper  row  of  these  a 
longitudinal  fold  rises,  on  each  side,  on  the  side-wall  of  the 
body  (Fig.  159,  U),  The  narrow  body-cavity  prolongs  itself 
in  these  longitudinal  folds  (Lh),  Both  side-folds  grow 
downward  and  hang  as  free  gill-roofs.  The  free  edges  of 
these  then  incline  towards  dach  other  and  coalesce  in  the 
middle  line  of  the  ventral  side,  thus  fonning  the  venti-al 
scam  or  Raphe  (Fig.  IGO,  R).  The  gill-pore  alone  remains 
open  (Fig  15,  p).  Thus  originates  a  closed  gill-cavity 
answering  exactly  to  that  of  Fishes,  and  at  the  same  time 
identical  with  that  of  the  Ascidians.  The  gill-cavity  of  the 
Ascidian,  the  Amphioxus,  the  Fishes,  and  the  larval  Am- 
phibia, are  to  be  regarded  as  homologous  parts.  This  large 
gill-cavity,  filled  with  water  and  communicating  freely 
^vith  the  surrounding  water,  must  be  distinguished  from 
the  small  body -cavity,  tilled  with  lymph  and  without  any 
external  communication.  The  latter,  the  coeloma  (Figs. 
158-1  GO,  Lit),  in  the  adult  Amphioxus  is  very  narrow  and 
very  small  in  size  (Fig.  152,  Lh).  When  the  gill-cavity 
•jf  the   Amphioxus    is    complete,   the    respiratory    water, 
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Firs.  159-lfiO.— Tmnsvcnio  wotion  through  an  pnrlj  larml  form  pf 
Ampl.in>ii.«,  li)MiKratmi.ati<-,  BttprRolph.)  (Cf.  FiR.  152,  p.  42-l.>  In  Fi((. 
15>i  tlicro  is  a  frf<'  iihshd)^'  from  willii'nt  into  the  iutPBtinnl  i-nvilv  ll'). 
thi'iiuirh  thp  i;i]].(i|><'iiiii).i'  (A')-  In  Fie.  1^  the  lateral  InofciliKlinnl  folili 
of  the  hc«lj--wnll,  the  Kil|.r.«.r,  nre  fcrmiiiir.  trniwitiR  dowowanl*.  Ir  Fi)t 
Ifill  llic-s.!  si<ie-f<ildn  have  K"™n   t<.«unh  eneli  -ilher  and  theii  r<lK>-i'  haw 
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Moalesoed  in  the  middle  line  of  the  Tentral  side  (R).  The  respiratoiy  water 
now  passes  from  the  intestinal  cavity  (D)  into  the  gnll-oavity  (^).  In  all, 
the  letters  indicate  the  same  parts :  N,  medullary  tube ;  Oh^  notoohord ; 
Mf  side-mnscles ;  Lh,  body-cavity ;  Gf,  portion  of  the  body-oavity  in  which 
the  sexual  organs  afterwards  form  ;  D,  intestinal  cavity  lined  by  the  intes* 
tinal-glaDdalar  layer  (a);  A,  £pll-cavity  ;  K,  gill-opcniiigs ;  b=i?,  outer  skin, 
or  epidermis ;  A\,  the  same  as  the  inner  epithelium  of  the  gill-cavity ;  K,, 
the  same  as  the  outer  epithelium  of  the  gill-cavity. 

which  was  taken  in  at  the  mouth,  passes  out,  no  longer 
directly  through  the  gill-openings,  butrthrough  the  gill-pore 
{p.  brancldalis).  That  poition  of  the  intestinal  canal  which 
is  situated  behind  the  gill-body  becomes  the  stomach- 
intestine,  and  fonns  on  the  right  side  a  single  purse-like 
protrusion,  which  becomes  a  blind  liver-saa  This  digestive 
portion  of  the  intestinal  canal  is  enclosed  in  the  narrow 
body-cavity. 

In  an  early  stage  of  individual  development,  the  struc- 
ture of  the  body  of  the  Amphioxus  larva  still  corresponds 
essentially  with  our  ideal  "Primitive  Vertebrate.**  The 
body  afterwards,  however,  undergoes  various  modifications, 
especially  in  the  anterior  portion.  These  modifications  are 
uninteresting  to  us  at  present,  because  they  depend  on 
special  conditions  of  Adaptation,  nor  have  they  anything  to 
do  with  the  hereditary  vertebrate  type.  Of  the  remaining 
portions  of  the  body  of  the  Amphioxus,  we  need  only 
remark  that  the  germ-glands,  or  internal  sexual  organs,  do 
not  deveopo  till  later,  and,  as  it  appears^  directly  from  the 
inner  cell-coat  of  the  body-cavity,  from  the  ccelom- 
epithelium.  Although  no  extension  of  the  body-cavity 
is  afterwards  discernible  in  the  side  walls  of  the  gill-cavity, 
in  the  gill-roofs  (Fig.  152),  yet  such  an  extension  does  at 
first  exist  (Fig.  159,  I  GO,  Lh).     In  the  lowest  i)art  of  this 
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extension,  the  sexual  glands  originate  from  a  portion  of 
the  coelom-epithelium  (Fig.  160,  0).  In  other  respects,  the 
farther  modifieation  of  the  larva  into  the  adult  form  of  the 
Amphioxus  is  so  simple  that  we  need  not  now  follow  it**^ 

We  will  now  turn  to  the  history  of  the  development  of 
the  Ascidian,  an  animal  apparently  so  much  lower  and  so 
far  simpler  in  its  organization,  which  spends  the  greater 
paii  of  its  life  as  an  unshapely  mass,  adhering  to  the  bottom 
of  the  sea.  It  was  most  fortunate  that  Kowalevsky  in  his 
researches  first  fell  in  with  those  larger  Ascidian  forms 
which  most  clearly  testify  to  the  kinship  between  Verte- 
brates and  Invertebrates,  and  of  which  the  larvae,  in  the 
first  stages  of  development,  are  exactly  similar  to  those  of 
the  Amphioxus.  This  agreement  in  all  the  essential  charac- 
ters is  so  great  that  it  is  really  only  necessary  to  repeat 
word  for  word  what  has  already  been  said  about  the 
Onto^^eny  of  the  Anij)luoxus. 

The  ew  of  the  hirger  Ascidia  (Phalltisia,  Cynthia,  etc.) 
is  a  simple  globular  cell  to  to  ^  mm.  in  diameter.  In  the 
cloudy,  finely  granular  yelk  a  bright,  globular  germ -vesicle 
(nucleus)  about  ^  mm.  in  diameter  is  seen,  enclosing  a 
germ-spot  (mvcleolus).  (Fig.  1,  Plate  X.)  Within  the  enve- 
lope, which  surrounds  the  egg,  the  parent-cell  of  the 
Ascidian,  after  fertilization,  passes  through  exactly  the 
same  changes  as  the  cytula  of  the  Amphioxus.  The  special 
incidents  in  the  fertilization  and  egg-cleavage  of  the  largest 
and  most  interesting  of  our  Ascidians  {Fhallusia  raam- 
ra'data)  have  lately  been  very  accurately  studied  and 
described  by  Edward  Strasbuiger.  The  remarkable  details 
of  these  processes,  which  do  not,  however,  touch  our  present 
purpose,  are  given   in  the  excellent  work  by  that  writei 
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on  *  Zellbildung."  ^^  Here,  as  in  the  Amphioxus,  the  gemi- 
veside  (nucleus)  of  the  egg-cell  disappears  in  great  measure 
even  before  fertilization,  while,  after  the  latter  process  is 
accomplished,  the  monerula,  in  consequence  of  the  re-forma* 
tion  of  a  kernel,  becomes  a  cytula.  This  breaks  up  by 
primordial  cleavage  into  2,  4,  8,  16,  32  cells,  and  so  on.  By 
continued  total  cleavage  the  morula  forms  the  mulbeiTy-like 
heap  of  like  cells.  Within  this  a  liquid  accumulates,  and 
thus  a  globular  germ-membrane  vesicle  is  once  more  formed, 
the  wall  of  which  consists  of  a  single  cell-stratum,  the 
blastoderm  (Plate  X.  Fig.  3),  just  as  in  the  case  of  the 
Amphioxus  a  true  Gastrula,  a  simple  Bell-gastinila  (Plate  X. 
Fig.  4),  is  formed  from  this  blastula  by  inversion. 

Up  to  this  point  in  the  evolution  of  the  Ascidian  there 
is  no  definite  giound  for  assuming  its  near  relationship  to 
the  Vertebrates ;  for  a  similar  Qastrula  arises  in  the  same 
way  in  the  most  diverse  animals  of  other  tribes  also.  Now, 
however,  comes  an  evolutionary  process  which  is  peculiar  to 
Vertebrates,  and  which  absolutely  demonstrates  the  kinship 
of  the  Ascidia  and  the  Vertebrates.  From  the  outer  skin 
{epidermis)  of  the  Gastiiila  originates  a  medullary  tube, 
and,  between  this  and  the  primitive  intestine,  a  notochord 
—organs  which  otherwise  occur  only  in  Veiiebrates,  and 
are  peculiar  to  them.  The  formation  of  this  highly  im- 
poitant  organ  takes  place  in  the  Gastrula  of  the  Ascidian 
exactly  as  in  that  of  the  Amphioxus.  In  the  Ascidian  also, 
the  oblong-round  or  oval  Gastru la-body,  which  has  but  a 
single  axis,  becomes  flat  on  one  side,  on  the  future  dorsal 
side.  Along  the  central  line  of  this  flat  side,  a  furrow  or 
trench  forms,  the  medullary  furrow,  and  on  either  side  of 
this  two  parallel  ridges  or  swellings  arise  from  the  skin 
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layer.  These  two  medullary  swellings  eoolesoe  over  the 
furrow,  thus  funning  a  tube ;  in  this  case  also,  this  nam 
tube  or  medullary  tube  ia  originally  open  in  front,  bat 
closed  behind.  Again,  In  the  A'^cidian  larva  abto,  the  per- 
manent moutli -opening  is  a  new  formation,  and  does  i 
oH^aate  from  the  primitive  mouth  of  the  Gastrula; 
latter  closes,  and  in  its  neighbourhood  the  future  and 
opening  ia  formed  by  Inversion  from  the  outside,  st  Uri 
opposite  eud  from  the  opening  of  the  medullary  tube  (PUi 
X  Fig.  5,  a). 

While  these  important  changes  are  taking  place,  e-tactly 
in  the  same  way  as  in  the  Aniphioxus,  a  tail-like  appcndags 
grows  out  from  the  posterior  end  of  the  larval  btxly,  am 
the  lai-va  curls  itself  wilhin  the  spherical  egg-covering  ii 
such  a  way  that  its  dorsal  side  projects,  while  the  tail  i 
lient  back  upon  the  ventral  side.  In  this  tail  now  d^ 
velops  a  cylindrical  cord,  composed  of  cells,  the  witcrtor 
end  of  which  extends  into  the  body  of  the  larva  lietweta 
the  intestinal  and  the  medullary  tubes :  this  is  the  cAonjd 
ttorsalls,  an  organ  which,  except  in  this  one  case,  is  found 
only  in  Vertebrates,  and  of  which  no  other  trace  ia  to  bt 
seen  m  Invertebiatea.  Here,  again,  the  notochord  consislq 
at  first,  of  a  single  row  of  large  bright  cells  (Plate  X.  Fig 
5,cA);  afterwards  it  consists  of  several  cell-rows.  So,too.ti 
the  Ascidian  larva,  the  notochord  develops  from  the  middli 
portion  of  a  cell-stratum,  the  side  portions  of  which  become 
tail-muscles,  aud  which  can,  therefore,  only  be  the  skin> 
fibrous  layer.  At  the  same  time,  a  cell-stratum  splita  otf 
from  the  intestinal  wall,  which  afterwards  forms  the  heart, 
the  blood  and  the  vascular  system,  and  also  the  intestinal 
muscles.     This  is  the  intestinal-fibrous  layer. 
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On  making  a  section  thi>ough  the  middle  of  the  body  in 
this  stage  (at  the  point  where  the  tail  joins  the  trunk),  we 
find  in  the  Ascidian  hirva  precisely  the  Hame  characteristic 
disposition  of  the  chief  organs  as  in  tlie  larva  of  the 
Amphioxiis  (Plate  X.  Fig.  6).  In  the  middle,  between  the 
medullary  tube  and  the  intestinal  tube,  is  the  chorda  dor- 
mli» ;  and  on  each  side  of  the  latter,  the  muscle-plates  of 
the  back.  The  section  of  the  Ascidian  larva  now  differs  in 
no  essential  way  from  that  of  our  ideal  Vertebrate  (t'ig. 
161), 

When  it  has  reached  this  stage  of  development,  the 
Ascidian  larva  begins  to  move  within  the  egg-covering. 
This  ruptures  the  egg-covering ;  the  larva  emerges  from  the 
latter,  and  swims  freely  about  in  the  sea  by  means  of  its 
rudder-like  tail  (Piste  X,  Fig.  5),  These  free-swimming 
Ascidian  larva  have  long  been  known  to  science.  They 
were  first  observed  by  Darwin  during  his  voyage  round  the 
world  in  1S33.  In  external  form  they  resemble  the  larva 
of  the  frc^,  the  tadpole,  and  they  move  about  in  the  water 


Fio.  161.— TraDBTerBe  KctioD  through  ideal 
PHmitiTo  Yerlebrat«  (Fig.  6a).  The  section 
paupi  through  the  H^ttal  axil  and  the  croM 
aiis  :  n,  mednllary  tabe  j  r,  notocfaon)  ;  t,  dorsal 
veMOl;  r,  veotral  muel;  a,  intestine  i  c,  body, 
cavitf  ;  tn,,  dorsal  maicleHi   in|,  TeDtral  moi- 


like  the  latter,  using  their  tail  as  a  rudder.  This  highly 
developed  youthful  condition  of  free  movement  lasta,  how- 
ever, only  for  a  short  time.    A  further  progressive  develop- 
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ment  yet  occurs ;  two  small  sense-organs  make  their  appear- 
ance in  the  foremost  part  of  the  medullary  tube :  of  these 
the  one  is,  according  to  Kowalevsky,  an  eye,  the  other  an 
organ  of  hearing  of  the  simplest  structure.  A  heart  also 
develops  on  the  ventral  side  of  the  animal,  on  the  lower 
wall  of  the  intestine ;  and  this  is  of  the  same  sim])Ie  form, 
and  is  situated  in  the  same  place  as  the  heart  in  Man  and 
all  other  Vertebrates.  In  the  lower  muscle-wall  of  the 
intestine  a  wart-like  growth  makes  its  appearance — a  solid 
spindle-shaped  cord  of  cell, — the  interior  of  which  soon 
becomes  hollow :  it  begins  to  move  by  contracting  in  oppo- 
site directions,  now  backwards,  and  then  again  forwards,  as 
in  the  full-grown  Ascidian.  In  this  way  the  blood-fluid, 
collected  in  the  hollow  muscular  pouch,  is  driven  in  alter- 
nate directions  into  the  blood-vessels,  which  develop  at  both 
ends  of  this  tubular  heart.  A  main  vessel  traverses  the 
dorsal  side  of  tlie  intestine,  another  its  ventral  side ;  the 
former  represents  the  aorta  (Fig.  161,  Q  and  the  dorsal  vessel 
of  Worms.  The  latter  represents  tlie  intestinal  vein  (Fig. 
IGl,  v)  and  ventral  vessel  of  Worms. 

When  these  organs  are  complete,  the  progressive  Onto- 
geny of  the  Ascidian  is  at  an  end,  and  retrogression  now 
commencea  The  freely-swimming  Ascidian  larva  sinks  to 
tlie  bottom  of  the  sea,  relinquishes  its  power  of  free  loco- 
motion, and  becomes  fixed.  By  means  of  that  very  part 
of  its  body  which  was  foremost  in  locomotion,  it  adliores 
to  stones,  maiine  plants,  shells,  corals,  and  other  oljects  at 
the  bottom  of  the  sea.  To  secure  it  to  these,  several 
excrescences  are  employed,  usually  three  wart-like  bodies, 
which  may  be  observed  on  the  larva,  even  while  it  yet 
fiwims.     Tlie  tail,  which  is  of  no  further  use,  is  now  lost 
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H  andei'goes  fatty  degeneration  and  la  cast  off  together 
■with  the  entire  notochord.  The  tail  less  body  becomes  a 
shapeless  bag,  or  sac,  which,  by  retrograde  metamorphosis 
of  its  separate  parts  and  by  re-formation  and  modification 
gradually  acquires  that  remarkable  structure  'tvhich  has 
already  been  described. 


Fio.  162.— AppcndicQiaria  (CopelaCa) 
aeea  from  the  left  siilo  :  »i,  mooth^  it,  gill 
intABtins;  o,  icsophagus;  r,  Htomoch  ;  a 
nnns ;  n,  brain  (upper  throat  ganglion) 
<7,  car-TcaicIej  /,  grooTo  nader  the  gill 
h,  boart ;  (,  t^steg  ;  e,  ovary  ;  c,  notocliord 


Among  the  extant  Mantle 
Animals  (Tunicata)  there  is,  how 
ever,  an  interesting  group  of 
smalt  animals  which  retain 
throughout  life  the  tailed,  inde 
pendent  ascidian  larval  stage  of 
development,  and  which,  by 
means  of  their  permanent,  broad 
rudder-like  tails,  move  actively 
about  in  the  sea.  Tlieso  arc  the 
remarkable  .^j>^M<7(CM/((W<f  (Fig 
Hi2).  They  are  the  only  extant 
Invertebrates  jwrmanently  pos- 
sessing a  notochonl,  and  are, 
therefore,  the  nearest  allies  of 
the  extinct  Chorda  Animals 
{(^ordonin),  of  the  primitval 
Worms  which  must  be  reganled  a* 


the  common  parent-form 
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of  Mantle  AnimaU  (Tunicatd)  and  of  Vertobmtea.  The 
notochord  of  the  Appendicularia  is  a  longcjl'mdrical  coi^ 
(Fig.  162,  c).  which  serves  to  connect  the  muscles  which 
move  the  flat,  rudder-like  talL 

Among  the  various  retrogressions  which  are  undet;gone 
by  the  Ascidtan  larva  after  it  has  attached  itself,  the 
degeneration  of  one  of  the  most  important  parts  of  the 
body,  the  medullary  tube,  is,  next  to  the  loss  of  the  noto- 
chord, of  peculiar  interest  While  in  the  Amphioxua  the 
medulla  steadily  develops,  that  of  the  Ascidian  lar\-a  soon 
shrinks  to  the  proportions  of  a  small,  insiguiScaiit  nerve 
ganglion,  which  lies  over  the  mouth-opening,  above  the 
gill-body,  and  which  represents  the  exceedingly  low  mental 
endowments  of  this  animal  (Plate  XL  Fig.  14,  m).  This 
insignificant  remnant  of  the  medullary  tube  seems  to  retain 
no  likeness  to  the  medulla  of  Vertebrates,  although  it 
originated  &om  the  same  rudiment  as  the  medulla  of  the 
Amphioxus.  The  sense-organs,  which  had  developed  in  the 
anterior  end  of  the  nerve-tube,  are  also  lost ;  in  the  fiiU- 
grown  Ascidian  there  is  no  trace  of  them,  Ou  the  other 
hand,  the  intestinal  canal  now  develops  into  a  very 
capacious  organ.  This  soon  breaks  up  into  two  separate 
parts — a  wide  anterior  gill-intestine  for  respiration,  and  a 
narrow  posterior  stomach-intestine  for  digestion.  In  the 
former  the  gill-openings  form  in  exactly  the  same  way  as 
in  the  Amphioxus.  At  first  the  number  of  gill-openinga  is 
very  small ;  it  afterwards,  however,  increases  considerably, 
and  gives  rise  to  a  large,  lattice-like  perforated  gill-body. 
The  "  hypobranchial  groove "  originates  is  the  central  line 
of  the  ventral  side  of  this  gill-body.  The  wide  gill-cavity, 
which  surrounds  the  gill-body,  also  develops  in  the  Ascidian 
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just  OS  in  the  Amphioxus.  The  excretory  opening  of  the 
former  concsponds  fully  to  the  abdominal  pore  of  the  latter. 
In  the  adult  Ascidian  the  gill-intestine  and  the  heart  rest- 
ing on  the  ventral  side  of  the  latter,  are  almost  the  only 
organs  that  recall  the  original  relationship  to  Yertebratea. 

In  conclusion  we  will  glance  at  the  development  of  the 
curious  external  gelatinous  mantle,  or  cellulose  sac,  in  which 
the  Ascidian  is  afterwards  entirely  enclosed,  and  which 
characterizes  the  whole  class  of  Mantle  Animals  (Tv/nicata). 
Very  various  and  remarkable  views  have  been  entertained 
as  to  the  formation  of  this  mantle.  For  instance,  it  was  the 
opinion  of  Kowalevsky,  that  the  animal  does  not  itself 
form  the  mantle,  but  that  the  latter  is  produced  by  special 
cells  from  the  maternal  body,  which  surround  the  egg. 
According  to  this  the  mantle  would  be  a  permanent 
egg-envelope.  This  is  contrary  to  all  analogy,  and  d 
priori  highly  improbable.  Another  naturalist,  Kupffer, 
who  has  confirmed  and  extended  the  researches  of  the 
former,  assumed  that  the  mantle  develops  from  cells  which, 
even  before  the  impregnation  of  the  egg-cell,  form  from  the 
outer  portion  of  the  yelk,  and  separate  entirely  from  the 
inner  portioa  This  seems  very  doubtful  and  unlikely. 
Hertwig's  researches,  which  are  confirmed  by  my  own 
observations,  first  showed  that  the  mantle  develops  as  a 
so-called  "cuticula."  It  is  an  exudation  fit)m  epidermic 
cells,  which  soon  hardens,  separates  frt>m  the  real  body  of 
the  Ascidian,  and  condenses  so  as  to  form  a  strong  envelope 
round  the  latter.  The  matter  of  these  cells  is  chemically 
indistinguishable  from  the  cellulose  of  plants.  While  the 
epidermic  cells  of  the  external  horn-plate  are  secreting  this 
mass  of  celluloBe,  some  of  them  drop  into  it,  continue  to 
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live  in  the  exuded  mass,  and  aid  in  consliucting  the  mantlaJ 
In  this  way  tlie  strong  external  covering  is  at  length 
formed,  grows  thicker  and  thicker,  and  in  many  adult 
Ascidia  constitutes  upwards  of  two-thirds  of  the  entire  mass 
of  the  body.^** 

The  farther  development  of  the  individual  Ascidian  is 
of  no  special  interest  to  us,  and  we  wilt  therefore  not  continua 
to  trace  it  The  most  Important  result,  supplied  by  Onto- 
genesis, ia  its  perfect  agreement  with  that  of  the  Amphioxua 
in  the  earliest  and  most  important  stages  of  its  germ-g 
history..  It  is  only  after  the  medullary  and  iutesLinal  tub< 
and,  between  these,  the  notochord  with  its  muscles,  liavi 
been  formed,  that  their  development  takes  different  dire 
tiona.  The  Amphioxus  pursues  i  steadily  progressive  couts 
of  development,  till  it  entirelj-  resembles  the  parent-for 
uf  the  higher  Vertebrates,  while  the  Ascidian,  on  the  t 
trary,  enters  on  a  course  of  retrograde  melamoqthosis,  i 
finally,  in  the  developed  state,  appears  as  a  veiy  imperfcfl 
member  of  the  Worm  group. 

Those  who  again  review  all  the  remarkable  hcta  whidl 
we  have  found  both  in  the  structure   and   in  the  gen 
history  of  the  Amphioxus   and   Ascidian,  and  who   then 
Compare   these  with    the   previously   ascertained   facts   i 
Lhuman  germ-history,  will  not  think  that  I  have  ascribed 
■  exaggerated  importance  to  these  highly  interesting  animal 
For  it  is  now  evident  that  the  Amphioxua  as  tho_ 
representative  of  Vertebrates,  and  the  Ascidian  aa  the  rcpn 
aentative  of  Invertebrates,  form  the  bridge  which  alone  c 
span  the  deep  gulf  between  these  two  main  divisions  of  t 
animal  kingdom.     The   fundamental   agreement  exhibit* 
by  the  Xiancelet  and  the  Ascidian  in  the  Srst  azid  t 
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important  points  of  their  embryonic  development  does  not 
only  testify  their  close  anatomical  form-relationship  and 
their  connection  in  the  system;  it  also  testifies  their  true 
blood-relationship  and  their  common  origin  from  one  and 
the  same  parent  form;  and  hence  it  at  the  same  time 
throws  a  flood  of  light  upon  the  earliest  origin  of  human 
genealogy.*** 

Writing  in  1868  "  on  the  origin  and  genealogy  of  the 
human  race/'  I  insisted  upon  the  extraordinary  importance 
of  this  circumstance,  and  declared  that  we  must  accordingly 
^regard  the  Amphioxus  with  special  veneration  as  that 
animal  which  alone  of  all  extant  animals  can  enable  us  to 
form  an  approximate  conception  of  our  earliest  Silurian 
vertebrate  ancestors."  This  proposition  has  given  very 
great  offence,  not  only  to  unscientific  theologians,  but  also 
to  many  others,  especially  such  philosophers  as  still  cherish 
the  anthropocentric  error,  and  who  look  on  man  as  the  fore- 
ordained object  of  "  creation,"  and  as  the  true  final  cause  of 
all  terrestrial  life.  The  "  dignity  of  humanity,"  it  was  said 
in  a  church  newspaper,  is,  by  such  a  statement  as  mine, 
^trodden  underfoot,  and  the  divine  rational  conscience  of 
man  grievously  hurt.** 

This  indignation  at  my  honest  and  deep  respect  for  the 
Amphioxus  is,  I  am  free  to  confess,  quite  incomprehensible 
to  me.  If,  on  entering  a  grove  of  ancient  oaks,  we  express 
reverence  for  these  venerable  trees,  the  life  of  which  has 
endured  a  thousand  years,  no  one  thinks  this  imnatural 
Yet  how  high  above  the  oak  does  the  Amphioxus,  or  even 
tho  Ascidian  organization,  stand  in  this  respect  I  And  what 
are  the  thousand  years  of  life  of  a  venerable  oak  compared 
with  the  many  millions  of  years  the  history  of  which  is  told 


by  the  Amphiozus !  But  apai-t  from  all  this,  the  Amplii- 
oxus  (skull- lees,  braioless,  and  memberless  as  it  is)  deseirea 
all  respect  as  being  of  our  own  flesh  and  blood  I  At  any 
rate,  the  Amphioxus  has  better  right  to  be  an  object  pf 
profouodest  admiratioD  and  of  devoutest  reverence,  than  any 
one  in  that  worthless  rabble  of  so-called  "  saints  "  in  whose 
honour  our  "civilized  and  enlightened"  cultured  nations 
erect  temples  and  decree  processions. 

The  infinite  importance  of  the  Amphioxas  and  the  Ascidii 
as  explaining  the  development  of  Kan,  and  consequently  his 
true  nature,  may  be  clearly  seen  from  the  following  sum- 
mariss,  in  which  I  have  stated  the  principal  homologies  of 
the  highest  and  of  the  lowest  Vertebrates  (Table  IX.).  The 
table  exhibits  the  undeniable  fact  that  the  human  embrj'o 
at  an  early  period  of  its  development  agrees  in  the  most 
essential  points  of  its  organization  with  the  Amphioxus  and 
with  the  embryo  of  the  Ascidian,  while,  on  the  other  hand, 
it  differs  radically  from  the  developed  Man.  It  is,  howerer. 
equally  important  that  we  should  remember  the  profoand 
gulf  which  separates  the  Amphioxus  from  all  other  Verte- 
brates. Even  yet  the  Lancelet  is  represented  in  all  text- 
books of  Zoology  as  a  member  of  the  Fish  clasa  Wliea  (in 
1866)  I  totally  separated  the  Amphioxus  from  the  Fishes,  and 
divided  the  entire  vertebrate  tribe  into  two  chief  groups,  tfae 
8kull-1ess  Animals  (Amphioxus)  and  the  Skulled  AnimaU 
(all  other  Vertebrates),  my  classification  was  regarded  as  a 
useless  and  unfounded  innovation.'"  How  tlie  tnatt«r 
stands  is  best  seen  in  the  appended  table  (Table  X).  la  all 
essential  points.  Fishes  are  more  neaily  allied  to  Han 
to  the  Aniphioxua 


osc 
>na^J 
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TABLE    IX. 

Systematic  Survey  of  the  most  important  homologies  between  the  human 
embryo,  the  embryo  of  the  Ascidian,  and  developed  Amphioxus  on  the 
one  hand,  and  on  the  other  hand,  the  developed  Man. 


Smhryo  of 
Aaddian, 


Developed 
Amphk 


Human 
Embryo, 


Developed 
Man, 


L — Prodiieti  of  ihe  Diierentiation  qf  the  Skin-layer, 


Naked  outer  skin 
Simple  medullary 

tabe 
Primiti  ve kidney  (?) 
(excretory  canal?) 
Simple  thin  leather 

skin  (Corium) 

Simple  skin-mni 
oular  pouch 

Notochord 
No  sknU 
No  limbs 
Hcrmaphi*odite 
sexual  glands 


Naked  enter  skin 
Simple  medollary 

tnbe 
Plrimitivekidney(f) 

Simple  thin  leather 
■kin  {Corium) 

Simple  tronk- 
mnade  system 

Notochord 
No  skull 
No  limbs 
Separated  lexnal 
glands 


Naked  enter  skin 
Simple  medullary 

tube 
PrimitiTe   kidney 

dnot 
Simple  thinleather 

slon  (Corium) 

Simple  mnaole* 
plate 

Notochord 
No  skull 
No  limbs 
Ilermaphrodite 
sexual  glandt 


Hairy  onter  skin 
Brain   and  spinal 

marrow 
Ovidnct  and 

sperm-dnot 
Differentiated 

thick  leather  skin 

(Corium) 
Differentiated 

trunk-muBole 

system 
Vertebral   column 
Bony  skull 
Two  pair  of  limbs 
Separated    sexual 

glands 


n. — Products  of  the  Differentiation  qf  the  Inteetinal  layers. 


Simple  body  cavity 

{Cceloma) 
One-chambered, 

heart 
Dorsal  yessel 
Simple  liver  poach 

(f) 

Simple  intestinal 
tube  with  gill- 
openingB 


Si  mple  body  cavity 

(CcBloma) 
Simple  tabular 

heart 
Aorta 
Simple  Urer  poach 

Simple  intestinal 
tube  with  gill- 
opaniDgB 


Simple  body  cavity 

(Caeloma) 
One-chambered 

heart 
Aorta 
Simple  liver  poach 

Simple  intestinal 
tnbe  with  gill- 
openings 


Distinct  chest  and 
Tentral  cavitiea 

Fonr-chambered 
heart 

Aorta 

Large  differeo* 
tiatcd  liver 

Differentiated  in- 
testinal tnbe 
withoat  gill* 
openings 
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TABLE  X. 

Systematio  Surrey  of  the  points  of  connection  in  fonn  of  the  AeeidiMi  and 
Amphioxos  on  the  one  side,  and  the  Fiiihes  and  Men  on  the  other,  in 
completely  developed  conditions. 


Developed 
AMcidian. 


Head   and    trunk 

not  distinct 
No  limbs 
No  skull 
No  tongue-bone 
No  jaw -apparatus 

No   vertebral 

column 

No  ribs 

Bmin    undifferen- 
tiated 

Eyes  nidimentarj 

No  ear-organ 


No      sympathetic 
nerve 

Intestinal    epithe- 
lium ciliated 

Simple    liver    (or 
none) 

No    ventral    sali- 
vary gland 

No   Ewimming 
bladder 

Kidneys  radimen- 

taiy  (?) 
Simple   heart 

pouch 
Blood  colourless 
Ko  spleen 
II  ypoljianchial 

grocvo  on  gill- 

body 


Developed 
Amphio9U9, 


Head    and    trunk 

not  distinct 
Ko  limbs 
No  skull 
No  tongue-bone 
No  jaw-apporatus 


No   vertebral 
column 

No  ribs 

Bmin    undifferen- 
tiated 

Eves  rudimcntarv 

No  ear-orgau 


No      sympathetic 
nerve 

Intestinal   epithe- 
lium ciliated 

Simple  liver  (blind 
intestine) 

No    ventral    sali- 
vary gland 

No    swimming 
bladder 

Kidneys  rudimen- 
tary (?) 

Simple        tubular 
heart 

Blood  colourless 

No  spleen 

Ilypobitinchial 
groove  on   gfill- 
body 


Developed 


Head  and  trunk 
distinct 

Two  pair  of  limbs 

Developed  skull 

Tongne-bone 

Jaw-apparatus 
(upper        and 
lower  jaws) 

Articulated  verte- 
bral column 

Ribs 

Brain    differen. 
tiated 

Eyes  developed 

Ear  •  organ  witii 
three  semicir- 
cular canals 

Sympathetic 
nerve 

Intestinal  epithe- 
lium not  ciliated 

Compound  liver 
gland 

Ventral  salivary 
gland 

Swimming  blad- 
der (rudimen- 
tary lungs) 

Kidneys  deve- 
lo}>ed 

Heart  with  valves 
and  chambers 

Blood  red 

Spleec 

Thyroid  glaud 


Developed 
Man. 


Head  and  tronk 
distinct 

Two  pa:r  of  limhs 

Developed  skull 

Tongue-bone 

Jaw -apparatus 
(upper        and 
lower  jaws) 

Articulated  verte- 
bral column 

Ribs 

Brain    differen- 
tiated 

Eyes    developed 

Ear-organ  with 
three  semicir- 
cular canals 

Sympathetic 
nerve 

Intestinal  epithe- 
lium  not  ciliated 

Compound  liver 
gland 

Ventral  salivary 
gland 

^ungs  (swimming 
bladder) 

Kidneys  dere. 

loped 
Heart  with  ralvcf 

and  chambers 
Blood  red 
Spleen 
Thyroid  gland 
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TABLE    XI. 

Sjstamktia  Bnrrej  ihoiringr  tha  deriTstion  of  tfaa  gorm-laTera  of  tbe  Aoiplitoxan 

from  tho  parent-oell  (ojtola),  and  of  the  main  organs  fioa  the  gcrm.Ujem. 

(Tree  ahowiog  the  ontogeaetio  descent  of  the  celti  in  the  AmphioioiiJ."' 


lUiu  lUiiiiUaril    : 


Kooi-nntla 

Canata       Gltl-oplthFtTDin 
MBituiiftri    ^iA.  braiukiaU 


lita*n 


T«tai    Oniti* 
JUIiculC  Orarla 

CHlom- 


^aUaam 


Skinaensory  SUn-flbrona  IntoBtlDBl-flbrom    IntestlnBl-glan- 

tiyer  lajer  la7er  dulkr  layir 


Eioderma  (ni 


-Wn) 


(iBtcNilul  l"J(r,  or  Inner  (um-t^ 


(cS^rrn)  [f* 


Uo'uU{na.t).X) 


A 
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